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[0004] Vaccines function by triggering the immune system to mount a response to an
agent, or antigen, typically an infectious organism or a portion thereof that is introduced into
the body in a non-infectious or non-pathogenic form. Once the immune system has been
"primed" or sensitized to the organism, later exposure of the immune system to this organism
as an infectious pathogen results in a rapid and robust immune response that destroys the
pathogen before it can multiply and infect enough cells in the host organism to cause discase
symptoms. The agent, or antigen, used to prime the immune system can be the entire
organism in a less infectious state, known as an attenuated organism, or in some cases,
components of the organism such as carbohydrates, proteins or peptides representing various
structural components of the organism.

[0005] In many cases, it is necessary to enhance the immune response to the antigens
present in a vaccine in order to stimulate the immune system to a sufficient extent to make a
vaccine effective, i.e., to confer immunity. Many protein and most peptide and carbohydrate
antigens, administered alone, do not elicit a sufficient antibody response to confer immunity.

Such antigens need to be presented to the immune system in such a way that they will be
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diseases. T'or example, E6020 may be used in combination with any suitable antigen or
vaccine component, e.g., an antigenic agent selected from the group consisting of antigens
from pathogenic and non-pathogenic organisms, viruses, and fungi. As a further example,
E6020 may be used in combination with proteins, peptides, antigens and vaccines which are
pharmacologically active for disease states and conditions such as smallpox, yellow fever,
cancer, distemper, cholera, fowl pox, scarlet fever, diphtheria, tetanus, whooping cough,
influenza, rabies, mumps, measles, foot and mouth disease, and poliomyelitis, as well as viral
diseases such as herpes and herpes-related diseases and hepatitis and hepatitis-related
diseases. When used as a vaccine, E6020 and the antigen are each present in an amount

effective to elicit an immune response when administered to a host animal, embryo, or ovum

being vaccinated therewith.
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E6020 precursor Compound 26 via a f-keto amide intermediate Compound 22. The

synthesis of the invention starts from Compound 14 to prepare Compound 22, which is then
reacted with Compound 25 in the preparation of Compound 26, the penultimate precursor to
the immunological adjuvant E6020. Compounds 22 and Compound 25, and their crystalline
forms, represent separate embodiments of the invention.

[0011] In another embodiment, the invention relates to a compound of formula (3):
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wherein R? is in each occurrence independently a protecting group, such as a C-Cg alkyl
group, a C3-Cs alkenyl group, an aryl group, a benzyl group or another suitable protecting
group; and each of R® and R is, independently in each occurrence, a C-Cg alkyl group or,
taken together with the nitrogen to which they are attached, form a 5- or 6-membered
heterocyclic ring. The invention also relates to a process for preparing compounds of

formula (4). Compound 25 is a compound of formula (4).

Brief Description of the Drawings

Figure 1 is an overview of the f-keto amide synthesis of E6020 according to the invention.
Figure 2 is the powder X-ray diffraction pattern of crystalline Compound 22.

Figure 3 is the DSC thermogram of crystalline Compound 22.

Figure 4 is the powder X-ray diffraction pattern of crystalline Compound 25.

Figure 5 is the DSC thermogram of crystalline Compound 25.

Figure 6 is an ORTEP drawing of crystalline Compound 25 with various atomic labeling.
Figure 7 is the crystal packing diagram of crystalline Compound 25 along the c-axis.

Figure 8 is a simulated powder X-ray diffraction pattern for crystalline Compound 25.
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Compounds 22 and 25, and their crystalline forms, represent separate embodiments of the
invention.

[0015] Obtaining a crystalline form of a compound, such as Compound 22 or 25, is
extremely useful in drug development. Solid state forms (crystalline or amorphous) of a
compound can have different physical and chemical properties, for example, solubility,
stability, or the ability to be reproduced. These properties often permit the optimization of
manufacturing processes, particularly where a crystalline intermediate is obtained. In multi-
step syntheses, such as those described herein, intermediates are prepared and unwanted by-
products or impurities can be carried forward from earlier steps. Often filtration, separation,
and/or purification steps are introduced to remove unwanted by-products or impurities.
Introducing such steps not only can increase manufacturing costs but can also decrease the

overall yield of the synthesis. Having a crystalline intermediate within a multi-step synthesis

can address these problems. A crystalline intermediate provides certain advantages——a high
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chl EEr mde) can be generated fromthe agtivation of
conmpo@nd (2¥ where X is OH (carboxyl i& [acid) with

oxaRy| »ehl ofd de rgagent in a solvent such as a 2.
[002Z° A fifdh pr ep rati on gan prepare corrpgun (3R
fromthe co@densagl n of cogpound ( ) 2 th &l Kanoi =
aci & car bonijsc aci ® gnhydrid con‘pounﬂ-’ (2) vvhere X is a
cag,honate in the presenge oé aterti h&/ a,m)g base &
(e. Hni g' s baSe) ©sol gent such a . Thg
latger is obtalngb t hePacti vati on 6f37(2) wher & X
is OH (carboxylic -‘acurd) with ethyl chlogoformate
reagent in the presence of a tertiary amne base (e.g.
tr| et hyl ami ne) in a sol vent

| —— ] :ﬁ’
0 e bl e 2
g £ 5 5 & =
S z < B o =0 =
o £ B < z & £ 5= 5
337 o poZ 3 £5 o
£e B g 2 =N A
e >r=o 3 g o /m° 2
Eg. Q <o =
E W Qo
<] o= © g'
Q o~ - °
o = O
\
~
= o
A LT
= (W)

2
Stage 2: 3-Oxo-tetradecanoic acid, CDI, ACN, crystallization

Stage 3: Py. TFA, ACN, crystaliization

Stage 1: Hy, Pd/C, IPA

Stage 4: ACN, heptane, HOAc, H,Os, NapS:0,, chromatography
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such as CH2Cl 2. [0023] A sixth preparation can prepare
conpound (3) fromthe condensation of conpound (1)

wowdoa/onezed anhydri de conpound (2) where X i s POT/@S1088/087435
in the presence of a tertiary am ne base (e.g. Hnig's

base). in sol,.vent such_as CH Cb- e latter is
Preparalipngtfbe ﬁ?feamae ééfqiwé??t&ﬁms&;'(%} where X is OH
[0016] ( CRhOOXMhdEs Gl SHhpdtintiRePANRYiANhr &phRIuhEE QAN es Baction of
the preesence of a tertiary am ne base (e.g

an a-hydrokdtenyihant feenular( | awitbcemposudl fasmdare) @ fofraeAfeto amide
ornem GG RSB O R SR

acid) is first converted into a symretrical anhydride

by the action of oxalyl chloride reagent and a
SchemetSerti ary anmi ne base (e.g. triethylamne) in a sol vent

such as CH2C 2. The resultant anhydride is condensgd

wi th conmpound (1) in the presence of a tertiary béﬁs/JL

Nre. 9. triethylam ne) in agsol@ent such as HN 3

CH2g 2. [.0028] As shown irﬂJ%xjdrpl e 1-bekow, onpou 1
Ho of "formula (1) may be prepa edﬁ?gy hydrogena?_l‘(% a r@\/ﬁ/R

conpound Rérmul a Y: wherein R1L and R2 are as 0. _R?
dew1 ed abave. The hydrogqu?ion may be carried out(gp \W/
any sui tabl® sol vent, e. g. ethanol, isopropanol and o

00171 2L B OO g ST A, by i
preparat®@meh Taé ghups R : Rrbgre be defimeddpinvdeBedapse Rbrli{ze’am:tli{3 may
vary indgpggnToime e e et eprppul Gl Bies s SRpRb b vpyg rica

IRRERY knOROUR, dubde)akky RYhitBIOMRyi such as, for example,
groupsagub’stituted ofogﬁgﬁbsﬁ?tuted,lstraigﬁ?§§¥ rgnched and P

OH, Cl,Fs apireiderdlsly}, accagionaicgind ahesiter. Plefereeddeafieg gwgps include OH,

._enbodi,nent is, a C:Cl alk rau C.-C '
o, iR Pty o bls, Bl Pariup df e
or a grolpoffBe )il group, a C5 C9 ai kenyl group or a C5-C9

al kynyl group, while R2 and R3 each is, independently

for each occurrence, a -Cl al kiyl group or a C7-Q4

ai kenyl group and nore pfieferablly a Cg-Cl al kyl group

or a C9-Cl13 ai kenyl gro
%———0

where R and R® in formula (2) are identical such that the compound of formula (2) is a

R?

symmetrical beta ketoester anhydride. Such anhydrides can be obtained from the
condensation of two identical beta-ketoacid molecules.

[0018] In one preparation, compound (3) could be obtained from the condensation of
compound (1) with compound (2) where X is imidazolide. The latter is obtained from the
~ activation of compound (2) where X is OH (carboxylic acid) with CDI,

| (carbonyldiimidazole), reagent in a polar aprotic solvent such as acetonitrile.

[0019] In a second preparation, compound (3) could also be obtained from the
condensation of compound (1) with compound (2) where X is OH (carboxylic acid) in the

presence of an amide bond coupling reagent like HBTU, (O-(benzotriazol-1-yl)-N, N, N', N'-
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Preferably, Rl is a C7 al kyl group, nost preferably
unsubstituted n-heptyl group, and R and R3 are both a
w@ooalokisk7 gr oup, nost preferably an unsubsti t up@mUS2008/087435
n- undecyl group. [0027] The alkyl, aikenyl, alkynyl
oups. nentigned for the various groups of Rl, R2, an
tetrame ha@awel Broblysopiosphat.). o8 gEICH Couplng éeargﬁvémrbeﬁ&ﬁ&sﬁafséy and

a temal%f%?x?ihé toi@e of{uﬂﬁssyl?ﬁ 'I‘II H{ 3350{)%@1?41 ) FUPSIH A ShSas

ude, are st i tuents,
DMEF of €IgCLE,In @idmen parhﬁ@rhx)db raag@ﬁts@ﬁcha\zltsi@gz (g’r(éu p, (e.q,

dxmemﬂmwyiﬁpzﬁ C&@%Hm%égﬁmch%t@@sg;% bt tso St ne

cempmkﬂdk@) whereGk 1 Lol (KibbiY 1R achl). am de; - ; and -CN.

Unl'eSs otherw se specitfied, the alkyl, aikenyl, and
[0020] akyhybirgpeppstionto repst r:aungmndc(ﬁarsrthe condsnsatiohed cvm;)mlnd (1)

with copupopnd ) afiore o EOROT SRS e BEShEF AR tertaly aifind DR (e

Hiinig’ 848} inCOeMRM thige BRHCA! € dasRiubl (RSwhdrB ek Fatat fiuorlde) can be
internmedi ates in the preparation of conpounds such

generatgg freo! the@ﬁqmﬁlﬁa@f epmpernd(Cawhere 2aiOH (sarpardiceacid) with TFF H,
(fluoro- 5 n.pou,zﬁ a {eh %];nett d&o aI%ncflmgm JxZﬂu(%erggkno%ﬁixé}% ?Aa%?ﬁqg a solvent

avin ereoc ems
suchas(@agcmre particul arly preferred [0029] t ne synt hesi s

20, the /?-ket d |.cohol Conmp .
100211 O SOmAiTsi Shehia 50 B pBIAEIRR s O DIPTSR at o

conden?z{mﬂ@f g&zﬁf (l? &enl &3 }’rﬁi&%&égzr%p\;ﬁ%‘?e %E‘thga%g@ clﬁf:)rlde) in the

mpound 22 stafting ound escrib
presendeeulf amﬁntlaryEa(mrmp Ibese](,e gahidnighebase) ind: s wanesuch as CHsz Compound

(2) thnltgl f_[% Zc%&or@% %{jgst al lde%%’?é%? %(ﬁl\%?lglgg bogrgpo%%d?% where

X is O}@(caﬂlitﬁéfﬁb @El@ﬂhﬁﬁhﬁﬁaﬂyﬂ%hloﬁ@r@&géeﬁw@a 4bl&8nt such as CH,Cls.

- phosphoram di te conpounds of fornula (4) represent
[0022] ano@ﬁ'érh ReRAsAtigRaaMieRira cempogddhdomthe pendepsdtiep@f compound

(1) mt@{ﬂ(gfm@kﬁg Q%%oﬁié%éﬂﬁzﬁs %géea%%éoﬁwdg%ﬁ% gr)flsﬁqégpt?&fﬁ in the
presendef anésitiary. anfiae buseg(@.gd Hmh@:pb&ejam Ech(ﬂ&nc Slmbrmsrﬁﬁz@if The latter
SETINCRATE RGO S
chlorofGRTRO WAGSntGh tHed5rBlénge bf7d teﬁ?ar? Iﬁﬁ%ﬁk Ez{%e (e.g. triethylamine) in a solvent
such as CH,Cl.

[0023] A sixth preparation can prepare compound (3) from the condensation of
compound (1) with mixed anhydride compound (2) where X is an ester in the presence of a
tertiary amine base (e.g. Hiinig’s base) in a solvent such as CH;Cl,. The latter is obtained
from the activation of (2) where X is OH (carboxylic acid) with pivaloyl chloride reagent in
the presence of a tertiary amine base (e.g. triethylamine) in a solvent such as CH;Cla.

[0024] Compound (3} could also be obtained via a seventh preparation where compound
(2) X is OH (carboxylic acid) is first converted into a symmetrical anhydride by the action of
oxalyl chloride reagent and a tertiary amine base (e.g. tricthylamine) in a solvent such as
CH>Cl,. The resultant anhydride is condensed with compound (1) in the presence of a

tertiary base (e.g. triethylamine) in a solvent such as CH;Cl,.
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Schene 6, where R4, R5, and R6 are as descri bed
bel ow. Schene 6 (4) [0031] In sone enbodi nents,

wo eaobiwr7 of 1, 3- bi s(2-hydroxyet hyl )urea w t h BCT/US2008/087435
phosphorodianidite is effected by reacting the

10025 o, AL SO ISOMRTS L Belht 8 Pt frrdh (b B, ARk by

hydrog@f@hpd cbhgoRR®sPhehamiym dite conpound to the reaction
m xture. I'n sone enbodi nents, the activating agent is

chosen fromthé" group consisting of (IH-tetrazole and
pyridiniumtrifl yQroacetate. In sone enbodi nents, the

activating agent |s’byr|d|n|un1tr|fluoroacetate In
sone enbodlnentshgiﬂssgfggtlon of Scheme 6 is ran in a
a

sol vent conpri si e d fromthe group
consi sting of acetontrile, dichlofonethane,
di chl oroet hane, and tert-butyl netbyl Kher. In sone

enbodi nents, the reactign of Schene is run in
acetonitrile as a solvent. Condensatiion of b-keto
Anmi de Al cohol (3) with Urea Di-phosphoramdite (4).

Wheren{ R032] RASSR %@ﬁnécf‘ab%?g eMRe fy@BOM Aok BBy Sﬁé%ﬁ?e%l' Sut@f any

npound 26 involves a condensatlon reactlon of
sultableasfo’Pvelnatecg &thadel, &opuipeholahd fotdremukzowrBin the e, ut prederably is done
.. digp sphoram dite conpound of formula (4) to form
10 150prapa (geto am de urea phosphite conpound of fornula (5)

[0026] WhiTaFormYas Nen2b, amawl ed@bftrd, ROBAA Y firak &k OindBpeshBerntlye For
phosphat e conpound o formul a’ (6). This is shown in

each ocgpmetipe alCpie| scs\}\kyé@ﬁéma £ty alkgnyarewn of 8634} 15 plkynyl group.

P8 (o S0 e 5 Al <o
unsubstétutedd strmgﬁt?.),r bemdhat and in gepentigni staighonkaian ot hereferkaal
cmbod Giept & i Co1os awﬁér%fadé 3235,6%% GFREPof 4 O gl group
and mo[@%reﬁ%’tﬁ grEo 3 -(igadglt?ylgm@ bfceteMikélyk gloupdr ket ARGAALroup,
while R and each is, mdependently for each occurrence, a C7-Cya alkyl group or a C-Cy4
alkenyl group and more preferably a Co-C3 alkyl group or a Co-Cy3 alkenyl group.
Preferably, R’ is a C; alkyl group, most preferably unsubstituted n-heptyl group, and R? and
R> are both a Cy; alky! group, most preferably an unsubstituted n-undecyl group.

[0027] The alkyl, alkenyl, alkyny! groups mentioned for the various groups of R', R?, and
R? above discussed with regard to the invention may be substituted or unsubstituted.
Examples of substituents include, but are not limited to, halo substituents, (e.g. F, Cl, Br, and
I); a C;-Cq alkoxy group, (e.g, -OCH;, -OCH,CHj, -OCH(CHj3),, and the like); a C-Cq
haloalkyl group, (e.g., -CF3, -CH,CF3, -CHCl,, and the like); a Cy-C; alkylthio; an amide; -
NQO;; and -CN. Unless otherwise specified, the alkyl, alkenyl, and akynyl groups may be
straight chains or branched with straight chains being generally preferred.

[0028] The f-keto amide alcohol compounds of formula (3) are novel compounds and are
useful as, infer alia, intermediates in the preparation of compounds such as E6020.

Compounds of formula (3) are a separate embodiment of the invention. f-keto amide alcohol

compounds having the stereochemistry shown in formula (3a) are particularly preferred.
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R2 or R3 position. Each R4 group may independently be
a protecting group, including but not limted to the

wo odobovdery groups: an al kyl or substituted al kpdT/gsm0087435
such as nethyl, ethyl, isopropyl, tert-butyl, and the
i ke, preferably a C -C al kyl group; an al kenyl or
substituted al kenyl gr'gup sugh as allyl, 2-nethyl
propenyl, butenyl, andijthe Iike preferably a C3-C5

al kenyl group; é?ably a C3 G5 al kyny
group; a cycloalkJﬁNgroup such s cycl ohexyl; a
2- substltut et hyl - group~such as 2- cypanoet hyl
2-cyano- 1 , | -dPmet hyTetbytO~2- ?%?w silyl)ethyl,
and the I|ke a hal oet hyl group such as
2,2,2-trichloroethyl, 2,2, 2-
trichloro-1,1-dinethylethyl, 2,2, éj ronnethyl and
the like; a ben2yl or substituted benzyl group such as
benzyl, 4-nitrobenzyl, orobenzylgp and the I|ike;
an aryl or substituted 2 hbroup such as phenyl,
4-ni trophenyl, 4-chl orophenyl, 2-chl orophenyl,
2- met hyl phenyl, 2, 6- dinethylphenyl 2- bronnphenyl
an L .ar S
00291 20 B ES B8 Shd R HBE UG FECHRATERTA S Mbound
22 and i&sDcEryRéih@E: dorehleylso sepdryle, enbexdimdnd yi the adsleption. 2Th¢rli§tdli}dsm of

| h
AN T T
state chgvagtegzettfdn(iﬁ' c%Fs@aQHﬁB’ 32 (Ch3ShRr Beloxlv‘ iKExdthpleP2 and R3,

each occurrence of R4 may vary from one another within
the definition of R4. [0034] R5 and R are in each
occurrence i ndependent|y Cl-C alkyl group, a C-C
akenyl group or a C3-§ al Kynyl group, wherein said

al kyl, al kenyl, ang upyray be substituted
or unsubstltuted or, taken tdz@tﬁér with the nitrogen
to which they*%ﬁfaamNLa@hedﬂjgo 269513 or 6- menbered
het erocyclic ring. The heter cycc%f éag may i ncl ude
addi ti onal het eroat ons, 2)18A P or S; may be
saturated or unsaturated and y be unsubstituted or
substituted. Exanpl es of substituents include, but are
not limted to, é\lo substlt nts, (e.g. F, d, Br,
and 1); a Cl1-C al 5 - OCH3, -OCH2CH3, -
OCH(CH3) 2, and the Ilke) a Cl- CB hal oal kyl group,
(e.g., -CF3, -CH2CF3, -CHA 2, and the like); a C]-C6

Prﬂ”"%ﬁ%%%é%&%??gh‘ u%ﬂ aﬁndﬁgﬂna -CN group. Suitable

[0030} The urea di-phosphoramidite compounds of formula (4) represent another novel
intermediate compound in the f-keto amide alcohol synthesis of E6020. Therefore
compounds of formula (4) are a separate embodiment of the invention. The urea di-
phosphoramidite compounds of formula (4) may be prepared by reacting a 1,3-bis(2-
hydroxyethyl)urea with two phosphorodiamidite compounds of formula (7) as shown in

Scheme 6, where R4, R® , and R® are as described below.
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include, but are not limted to, piperidyl,
nmor phoHnyl , thi onorpholinyl, pyrrolidyl, and the |ike.
wab@abdeyt , al kenyl, and al kynyl groups of R4, Pp®REUSIVAS/087435
R6 may be substituted or unsubstituted, straight or
§g¥;m%%anched Exanpl es of substituents |nclude but are
t limted to, halo substituents, (e.g. F, d, Br,
and 1); a G -C al koxy group, (e.g, -OCH3, CI}QC}B -
OCH(CH3)2, and the like); a C Cb6 haloal kyl groBp,
(e.g., -CF3, -CH2CF3, -CHA 2, and the like); a 8L4C6
al kylthio; a -NO2 group; and a -CN group. In “NRSRSE
HO pr%ﬁﬁrred nmbodi nent, R4 |HR§@ -C5 al keny é?éhp and
\w/Rm fe eack? Eg S —abrafche oC al kyl
gripupy Preferably, is af J? | group anﬂ 5 and R6
are isopropyl groups. [0035J Inl sone enbodi ngnts the
conpound of fornula (3) is reacted with the conpoyntiR®R
of forrmula (4) by adding(gklvent to the m xture on
conmpound of formula (3) and the conpound of formﬂpa
(4), stirring until all solids are dissolved, an%
addi ng acetic acid to the m xture. In sone 4)
enbodi nents, the solvent is anhydrous and may be a
co-solvent m xture. In sone enbodi nents, the
co-sol vent m xture conprises acetonitrile and a
[0031] hydr e6aE bebodidleneteadiich oM &bﬁb(@-fh?ﬁfo%ietﬁ hREMha the

sol vent., may be, for exan&]§ m xture o nhydr ous
Phosph‘&@‘é@%ﬂ‘ferlﬁ Ficeiiby gD %bycaﬁéy ccrlﬁp@mﬁlémh a suitable

i L A L 5P US4 SR SEqop

phosphdreqitaidite a’mrrt;imand 6 thievertiommdkure Tn Smhebmbedm'{bn&n dlc&ctivatmg

agent 1s§bﬁ§§:né‘%ﬁy€ al}en%’ Q;gcg{swtélgglg? otgg'g%fg ft&ﬁéyr{% S‘ %bgrlﬂuoroacetate
In some%b%qw@xﬁg tHé XdtiaBnd §g€!?1ﬂsvﬁ@ﬁuﬂué tﬁﬁgoé)aéet&te nesbhe
wei ght of the conpound formula (3).1n sone

embodimgpisdihaagicson héSQ};@n@rﬁ 13@'f1n goesgdyent ppﬂn@nslng alselvent selected from
the grougfcopglls%g%(t)f %:ﬁfré)&l{gf fil(():h rﬁ?jtﬁ/‘lvﬁe: €, d}cﬂgorgethl o3 & pert*l\)Ne[ tthyl
ether. It myﬁh@éﬁumeﬁts,aﬁe&@aum bf Sctiemetéie r@@xrﬁ@ieﬁﬁmxlm wleem.

IS between 1.2 and 1.5 tines the weight of the

conpound of formula (3). In sone enbodi nents, the

f r

CondefSBR Bl A LA S LIES Shdidpda L
100321(S)Aaﬂhedm1hﬁcbnme4eh®ﬁdﬂnﬁmh&wwsbéChnmmn&dZﬁ1nmmb&ha

acid used i E meen

condensation reaction of a fi-keto am1d<]:' aﬁzoﬁ&dofgﬁ)rmula (3) with a urea di-
phosphoramidite compound of formula (4) to form a fi-keto amide urea phosphite compound
of formula (5) which may then be oxidized to form a fi-keto amide urea phosphate compound

of formula (6). This is shown in Scheme 7 below.
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nol ar equi val ents of the anount of the conpound of
formula (3) used. In sone enbodi nents, the tenperature
wo@boovleeeracti on mi xture i s maintai ned at aboupCROSRBOB7435
during the addition of acetic acid. [0036) In sone
enbodi nents, the compound of fornula (5) forned by the
nmet hod of Schene 7 is oxidized to the conpound of
Schemd rMul a (6) by an oxidizing agent. |In sone
T enbodi nents, the oxidizing agent is hydrogen peroxide,
Oxone(r) OX|dant MCPBA (netachl oro p&!henzoic acid),
and the |ike. sonme enbodi nents the Hggrogen
peroxide is 3q§€£¥g2éy) H2Q2 in materC%]hNaaﬂE
enbodi hrent s,HN eacti on n1xtur§{ ont ai ni ng the
f or m&d cg@Q%QQg/gf forngl a (5) i luted with
addi ti pnal eptané“ﬂEﬁﬁre tihe oxi d&t1on step. In sone
enbodi rents, the weig t he addnti onal heptane
added J s between 5 and 0 t|i mes the wej ghtiRE° the
conmpound of fortRl a (3)~ used. In sone eqpodlnents t he
wei ght of the additional heptane addedk*is about 8
times the weight of the conpound of fornula (3) used.
In some enmbodi nents, the reaction m xtua4g containing
the formed conpound of fornula (5) is cooled to about
-5 - 1COCChft r addi ng the additional heptane and) 0
B& ore 43e oxidizing agent. In seae
ng ment s the reaction mixture contalnphg
ﬁ dvékﬂpg formula (5) is coole
50C after addlngcihe#addltlonal hept aﬁU before
addlng thg di zi fig agen®Xdgtign soneNerrbodi nent s, the jr
tenperatu e of thePreaction mxture Chalntalneﬁiiiﬁ¥ e}

x_xébout N ter adding the oxi 6Mzin ent
apenen dlgents khe tenperature of(fﬁg meact
af gddfg‘g/f)he/\l/

ture i nt g ned at about 0 20C
6&|d|2|ng agent.O Rfonme enbodi nent s, tﬁe eaction is
stirred at a tenpepature about -5 - 100C fol |l ow ng
addi ti ofs)of the oxrdi zing agent until the reac{8)n is O
conplete. In some enbodi nents, the reaction is stirred

at a tenperature about : 1 20C follow ng additjon of
[0033] t hdn deimiilas (4 (Al end (@nRIIR and B ame thegamess despsibed aboyen

1nclud1nsgqggir S@Q&éé@ﬂé&;m‘eﬁt& At | n%gpén%ent of one another. In each

occurrence, R', R? and R? may be the same or different. In other words, a compound of
formula (6) may have the same or different alkyl, alkenyl and/or alkynyl groups at each R,
R? or R? position. Fach R? group may independently be a protecting group, including but not
limited to the following groups: an alkyl or substituted alky! group such as methyl, ethyl,
isopropyl, tert-butyl, and the like, preferably a C;-Cs alkyl group; an alkenyl or substituted
alkenyl group such as allyl, 2-methyl propenyl, butenyl, and the like, preferably a C3-Cs
alkenyl group; an alkynyl, preferably a C;-Cs alkynyl group; a cycloalkyl group such as
cyclohexyl; a 2-substituted ethyl group such as 2-cyanoethyl, 2-cyano-1,1-dimethylethyl, 2-
(trimethylsilyl)ethyl, and the like; a haloethyl group such as 2,2,2-trichloroethyl, 2,2,2-
trichloro-1,1-dimethylethyl, 2,2.2-tribromoethyl, and the like; a benzyl or substituted benzyl
group such as benzyl, 4-nitrobenzyl, 4-chlorobenzyl, and the like; an aryl or substituted aryl
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nmoni tored by HPLC to determ ne conpletion. In sone
enbodi nents, the reaction is quenched with sodi um

wo biooswebat e pent ahydrate to destroy excess pePORUSHSS/087435
after the reaction is conplete.[0037] In the synthesis

onmpound of .fornmul.a (4
group spgh SRS S Foymelfh S BRI 2 Rl Hond {hamByiohend 2.6
dimeth@pBéhy$, @MOMh@{m%uwtlﬁe Qhd bRyl %fM@;f‘&dcﬁrbs trm@thylsﬂyl and the
synt hesi s of Cbnpound 25 starting fromthe di hydrox

like. Parfiegady pppderned mtepts;ngalar@@pﬁ e® " ved owhyh cthyhripit-buty], 2y 2-

methy! pRoEY Hs 274 S BURRE NP LIRS, P BRI efiG o)
((CH;):Bx@ante,-§ abe bove-dastorbéagl ([Chequenaied Rb R’ehd B02Qh

precur sor mpound 26 (a species of the conp ounds of
Occurreﬁ%%ﬁﬁlam%yawfmomm%hﬂ e fhe defipitigrpt) ﬂ?s are both

[0034] - Lﬁ‘fg%gi 6 da%ég;cé%rgén ¥ ?Lﬂe{af %‘Qﬂ;‘ 6@%}1;99% a Ci-Cs

alkenyl @(bll]mif a:x@ﬁﬁ?g alkgdyi@omp, rwieegin bed atkyhtaficnih ahdh elkynyl group may
rati on of ny of all possjble stereois
be subsiyosEerns et et b esapiarRP RGP Bsaaioe tg Which Diids

attached ArrR A% - 6BE-Hh@SREE] hMtEb¥ydIR! W, h@%‘%%r&é}%h@ﬁﬁ@ﬁ@ include
structures: [0040] V%lle t he éxanpl es bél ow di'sclose

additionahbeigraagamaeiganN.dP, adpas; oyl tersasraedol soaeratedmini ogy be

unsubstBfeaRPERHE PR & FRRETE Bios IRR B AT 6. hato
substltuleﬂt\ée@tg eNCI, BreaiyDt et G al@ikh ey (d. Qeoomgrmcmcn&

uited to provide pure stereoisomers for whic
OCH(CH:E: o 1 ke Bl By (e~ Gk arCHHg mat Giiajand the

O o T
include( mbawe)ot lfﬁlmtfsl tngmbﬂﬁﬂﬂfﬂ%@hﬁiihﬂWél@ﬁg?ﬁ@W%@;@éﬁ%h and the

| p
ike. T o e o R AP EG P SR T graat gy Brdubsiipee o
unsubst(t&e@;_lﬁra@ht 058{‘&1%@14&15 %ﬁa%p%s%f@hbstﬁﬁ@tﬁﬁcﬁ%@% afesnd%hﬁnted to,

o prepare the other stereoisoners (ER 826
halo Suqummn&, Rg ER1g3788d I RURGR &y OXYEFROSQG@&Q-Q(FHR QC§)2CH3,

OCH(CF@)ZS%@%%& a% %%)10&1 %&1 29%? ﬁq é RS oa{br e 804 and the

like); a m&mlmmzmumz@@pl agddi-val @otip.ofn @p@fdﬂdﬂganﬂﬁidﬁhkzﬁl R'isa
C5-Cs afk?é%lyl gron gnddﬁ Iax?dege are each independently a branched C,-Cg alkyl group.
Preferably, R* is an allyl group and R’ and R® are isopropyl groups.

[0035] In some embodiments the compound of formula (3) is reacted with the compound
of formula (4) by adding solvent to the mixture of compound of formula (3} and the
compound of formula (4), stirring until all solids are dissolved, and adding acetic acid to the
mixture. In some embodiments, the solvent is anhydrous and may be a co-solvent mixture.
In some embodiments, the co-solvent mixture comprises acetonitrile and a hydrocarbon
solvent and in a preferred embodiment, the solvent may be, for example, a mixture of
anhydrous acetonitrile and anhydrous heptane. In some embodiments the co-solvent mixture
comprises heptane and acetonitrile. In some embodiments, the weight of heptane in the co-

solvent mixture is between 4 and 6 times the weight of the compound of formula (3). In some

embodiments, the weight of heptane in the co-solvent mixture is between 4.5 and 5.5 times
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stereochem stry at positions 2 and 7 while a second

equi val ent of starting material (3) would have a
waledobereet | y defined stereochem stry at positiPOEUS20a8/087435

7. The resultant reaction (using Schenme 7) would

f
e S B L S o

e co-SHEH A SR TR Bt N Bt o
In somef émisddimymnits et weighedfhododsierin Itiead:oadmé)mt amdu& isbpiavcah é.2 and
scri bed

nt 90, 97
15 imdghe peistbe! (3 Cmposmher i (9 & sepgeBbaBmONche g of
acetic aéﬁ'diﬁla@?s%e%%rl st H%Hr ‘éqﬁ@h‘lteﬁé oF heERQAR: BPGe BhRbEH of

onpounds, provi de hel pful background | nformation on
formulariﬁépfmdp frgsaser ermborlimentgethe smanot oftaaetid aviyl needes bethsemha and 5

ot oSSR DR et o GRS 293 bbens.

the temp@a@eSSf thb ecariib@ AL Qfe i Srantaindd kEAOLL PN2YESGRIng the agdition of
gl ass reactor, and the like) it is neant that the air

acetic a¢if. t he reactor has been replaced with an essentially
[0036] ”D'igtrs]&%g egilb%ﬁm%{mg E%/e’ C().Fﬁ)%{li‘l% rg?n%:{én%% @g?&n{égitb&%@&mhod of

Scheme(?iisbjxeﬂzeai tioahe ccﬁﬂ@mﬁﬂ off S@thuhe (e iby ad&ﬁi(ithxlbgagédﬁ €ln some
stoic oraetr (nDl rati o) of a rea(§nt or

embodigais @Xtdaﬁﬁ Y@é‘i‘&?&rﬂe%ﬁﬁ % 6805 DXt BIGRRA Gmeta-
chloro ﬁ‘ts?erntzbﬁgicf@t eﬁfd'tﬁé likel 18 s&RE @nb%‘r&ms 'thé BARLEM rb;@i'ae is 30%

as used herein corresponds to the ratio o
(Wt/'wt) ira®s imfvater Sulsemarobodimanty ﬂmma@fonsuhsura ne@smb;g the formed

compou TR TERTH b T B0 i phiTcplabie Pl UG Btipapiey: n some

embodim@h®] @B caskHt bf tHiedairmnl té@l@ lagied iEbRtwadhisQndsl 0 times the
cal cul ated as: g/ or The term "vol une”

weight ¢ PapPaNTIARE ool (Beuseddn Jner nbodornss sismisishtofthe
addltlol{saggégﬂaﬁg adtdgg is eﬁJﬁ)H{@ an‘es ﬂleg\!vé/igﬂt o%*{ﬁ‘f E&H%ﬁm‘arof %IQIFLH&' ﬁ%gfsed In

tances to the mass or vofFune o re-est
some erab@tiineals, thomgotien tniﬁhreacdnmhg ol ormpdicarfip@aidi (drfornddie (5) is

coled b Ao S B Sl B8 G145 B in
agent. I kéiE cm%&ﬁaenkﬁ/, heQbadolnixhhE cbiRhin O (RO tRRRHRUIPLLANST
formula (5) is cooled to about 0 — 5°C after adding the additional heptane and before adding
the oxidizing agent. In some embodiments, the temperature of the reaction mixture is
maintained at about -5 — 10°C after adding the oxidizing agent. In some embodiments, the
temperature of the reaction mixture is maintained at about 0 - 2°C after adding the oxidizing
agent. In some embodiments, the reaction is stirred at a temperature about -5 — 10°C
following addition of the oxidizing agent until the reaction is complete. In some
embodiments, the reaction is stirred at a temperature about -1 — 2°C following addition of the
oxidizing agent until the reaction is complete. In some embodiments, the reaction is
monitored by HPLC to determine completion. In some embodiments, the reaction is
quenched with sodium thiosulfate pentahydrate to destroy excess peroxides after the reaction

is complete.
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are used herein: Abbrevi ati on Chem cal ACN acetonitrile
Boc /er/-butoxycarbonyl CDI carbonyl diim dazol e DVAP
wd2qodionsshy| am no) pyri di ne DMF di net hyl f or mam PleT/EEX008/087435
(N-(3-di met hyl am nopropyl ) - N-et hylcarbodii m de
hydrochl ori de) Ef OH et hano| Et3N triethyl am ne Enoc
[0037] o tlp gy smesistoh &@WQP%% thagequpssing s ife%ﬁula (4) 15 Compound 25.

i dhshhiae REFINE cAfolinkd? dSAPLRRMEon. Th
Compogﬁo 0 i?fP&y?tsopr o‘%‘{j‘l ﬁ%&% p%fr% aglﬁ%hw on car bon o 2he
synthesRafPRm)odint @6 sakiisy fromphedil diosy sphi Creypaind &diis desclped below
. PPh3 triphe hosphi ne .PhSi henyl sil ane Py, _. -

in Exangge iRy i EPPPGACRIT Lt B g i described
below ih@g&m@}gg{l nmet hyl ether TFA trifluoroacetic acid

[0038] Example 6 below describes the preparation of E6020 precursor Compound 26 (a
species of the compounds of formula (6) where R'is n-heptyl, R? and R? are both n-undecyl,
and R* is allyl) from the reaction of Compound 22 and Compound 25.

[0039] The synthetic method described herein may be adapted to the preparation of any

of all possible stereoisomers of Compound 26 and correspondingly E6020, e.g., compounds

(A) and (B) respectively below having the general structures:

\ﬁ\ o o
o HNM(C%)mCHs

o-p-o. L _o (CH,)sCHs
HN © O
=0 o o I

0
HN
H 0 HNJ\/U\(CHZ),{,CH3

3]

O*P~O\A/OW(CH2)5CH3

{CH3)1gCH3

's)
O\I_r(CHz)wCHa
& 0
A
0 O
ONa' HNM(CHz)mCHS
0-P-0 0 (CH2)sCHs
o)
HN O\H/(Cﬂz)mCHs
0 0 0

o
HN
o} HN/U\)J\(CHZ)WCH;;

o-p-o._h_o (CH,)sCHs
o
hig
B o)

[0040] While the examples below disclose the preparation of a particular stereoisomer,

(CH3)19CH;

methods for preparing other stereoisomers of Compound 26 are considered to fall within the
scope of the present invention. The synthetic method of the invention is well suited to

provide pure stereoisomers for which the initial stereochemistry of the starting material (3) is
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TFFH fluoro-N, N, N N -tetranethyl formam di ni um

hexaf | uor ophosphate THF tetrahydrofuran TM Test Mt hod
was@b/otwsyl chl ori deExanpl e 1: Preparation of Ceoposmnds/ 087435

22 Compound 14 Conpound 15 OO Sta e 2 NH (CH2 10CHJ

defined 3 GRS 8t 5 L B EBRE P T G G0 8f SR

smemé‘ﬂ payevé)n TR 2R8thbd IRAVEall P BRI e fare TR phiR SreHasReksas
lows. To an inerted reaction vessel is added

1nciudu®ﬁ§ﬁ%m1ﬂ1a (R RIR.RA stereoelepmistey aApaspioat értal). 37 ER-824156

i 1-0. 5 d
(55 SSZ’%%@?% éé %3‘?3? ﬂgn%&gﬁo%o&zvlgﬁt goé’ repage %gr? ﬂgegueous
sterems@@ieasr(mkymts (R u«:@ Rﬁ%ﬁﬂﬂmwmkml EREBZI%B?(R RIHS)E BR-
ent, nore prefera | ow nol ecul ar wei
827905a(ﬁe—°oﬁ§)) ‘ERr836685 @S &bﬁz{R -SPHEH 1. SoF. Sj)s@ﬁml&g@wm a mixture of
prodactg ?&%ﬁ}?h BRL sJOM}tdSJS% §%h)vale£p§ tﬁf Bé n%@a‘l )tvpi% Y8sERl

aced a pressure
stereoclm‘mlafmp EL’OIXOs[t“ﬁine Ryand 7a1fllf[EESepsbzeDﬁd é@uasperrt@x tastirgd pateddl (3) would

he reaction mxture is_stirre

have a i gflﬁﬁ@ai RS HEP PR RS et grr bnt 3 88 Ze i mSP[}ME6?ﬁﬂt189 kusing
Schemd ﬂﬂp&ﬁﬁ 'pHWi@f! y dl%fe?enq Roisobdedd 81%%9;!0%& (® (haash 'b@ @eparated by

vessel is then replaced wth an in as and t
columnehtahategraply ashwwethrilly détérnringd o' Héﬂ‘éR andé{H‘igZ companson to
authentﬁoslﬁétg% %nt;rrrs] %refvmus{ya;targpe{rgd E)rz] fie fiat syn{Heagtﬁ?e odo déécr‘iebe% above
and a separate method as described in U.S. Patent No. 6,290,973, U.S. Patent Nos.
6,551,600; 6,290,973; and 6,521,776, which disclose other synthetic routes to E6020 and

related compounds, provide helpful background information on preparing certain reagents

and starting materials and are incorporated herein by reference.

Examples
[0041] In the examples below, when the term “inerted” is used to describe a reactor (e.g.,

a reaction vessel, flask, glass reactor, and the like) it is meant that the air in the reactor has
been replaced with an essentially moisture-free or dry, inert gas (such as nitrogen, argon, and
the like). The term “equivalent” (abbreviation: eq) as used herein describes the stoichiometry
(molar ratio) of a reagent or a reacting compound by comparison 1o a pre-established starting
material. The term “weight” (abbreviation: wt) as used herein corresponds to the ratio of the
mass of a substance or a group of substances by comparison to the mass of a particular
chemical component of a reaction or purification specifically referenced in the examples
below. The ratio is calculated as:; g/g, or Kg/Kg. The term “volume” (abbreviation: vol) as
used herein corresponds to the ratio of the volume of a given substance or a group of
substances to the mass or volume of a pre-cstablished chemical component of a reaction or
purification. The units used in the equation involve matching orders of magnitude. For
example, a ratio is calculated as: mL/mL, mL/g, L/L. or L/Kg. The following abbreviations

are used herein:
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15 (approximately 0.8 wt) as a pale yellow oil. The
follow ng procedures describe the hydrogenation of

w@omowsd7 14 to Conpound 15 in ethanol and i n PCT/US2008/087435
i sopropanol . [0043J Step | (al): Hydrogenation in

anol. To an iperted round bottom fl ask equi pped
&gﬁ%gneti c@ﬁmﬁﬁgng devi ce was added Conpound 14
63190 g, 1 0 wt gecdaftrgd), 10% Pd/ C (Degussa type El O

NE/W 0.300 g, 0.10 wt, 0.024 eq, Al drich), and
8ohanol (20. 0 nidr-betoxyeashguy! The inert gas in the

sel, nitrogen,,was , .eplaced with hydrogen ( 1
gﬁﬁnspher e) andf?fgo?@g%?l?%ﬁoﬁi xture was stirred at
DAQAPt enper at ur et-(inkihylddné paatinen was found conplete
by TLC anal ysis (apﬁr oxi mately 4 days). Hydrogen in
% reacti on vedyeqt aHEAC r epl aced with nitrogen,

cat al yst wasyI.er By KO < nd a
smal | amount of %I\e]t(ﬁa%g%?% Bgmﬁéééégyggk\f%g&aﬁfd&bl&ﬁféﬁ ep
h¢ddhiGadpound 15 may generally be used in situ to
E?éﬁare Conpound ,22. For characterization purposes,

Conpound 15F8gAAn0l filtrate was concentrated to
yigl d Compound 1%.¢hdamid O-83 W) as a pale yellow
oi'l, redissolved in a mninmmanmunt of 10%
fretckanol / di chl oPdhetrémmmethoppueebnyht o a silica gel

(KP-Sil, 13.0 .wt nd.el uted with 10%

Mgl / di chl &%ﬁﬂ%ﬁé@@ﬁ%ﬁ%ﬁ?e fractions were
¢ ned and conegptdcat ed in vacuo to give purified
Conpound 15 (0.1 w). [0045] Analytical Data for
Bidified Conpoud@riopy! alcehdR (400 MHz, CDA 3) d:
%1,03-5. 10 (m | opr(%‘ygs (dd, J = 10, 5 Hz, IH),
.42-3.52 (m 3H), 3734-3.39 (m 2H), 3.02- 3.07 (m
PEHIC 2.29 (t, Jpalladilnonddhhonl. 73-1.94 (m 6H),

1.483-1.66 (m 4H), 1.20-1.36 (m, 26H),..0.89 (t, J =7
ﬁgé’%é‘ . ESI- Nstf(tmkﬁftﬂphqii‘}’i%l?"éﬁ’@épz%%qlwl(31i on for
ﬁgﬁ%—ﬁm\m: 430. fipalipibsgh@gul t: 430.4. [0046J Step
I (bl ) Hydrogenation in | sopropanol: To an inerted 12-L

§h88k fl ask wer pheydsied Conpound 14 (2.0 kg, 1.0 wt)
ﬁnd i sopropanol (8.0 kg, 4.0 wt), and the m xture was
Yirred until tR&"Efpound 14 was dissol ved. To a

Byaadd on i nert egyrigaatpiri@abapede W t h

TBME tert-butyl methyl ether

TFA trifluoroacetic acid

TFFH fluoro-N, N, N, N’-tetramethylformamidinium
hexafluorophosphate

THF tetrahydrofuran

™ Test Method

TsCl tosylchloride
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mechani cal stirring were charged Pd/ C (Johnson Matthey
type A402028-10, 10% Pd/C, 50% wet; 0.4 p kg, 0.206
wWow00907927 eq) and the Conpound 14 /i sopropanol PCT/US2008/087435

solution. Isopropanol (1.1 kg, 0.55 wt) was used to

rinse residual Conmpound 14 into the 5-gallon reactor.

The 5- gallon reactor was then pressurized wth
ExampW 1:' Po&frhod Of Compdahghi |l e stirring at 750 rpm

Ni trogen was vented while stirring at ~250 rpm The

ni trogen-pressurization-and- venting cycle was

r 8heat ed two nore ti megtagdhe reactor was pressurize

wig RYhydrogen (grade 5.0) tq 2b psi Mhile stirring at

- 750 %, ndcilu@, hydr ogen was| t Rervref 2}t

stirring ati-250 rpm The reacfor was thengpr I Z2ed

wi th hydrogr €8 €20 psi while|stirring atogﬁggig%ﬁ1

The reactionori xture was then Stirred at anti ent

t enper addamguha@n465 h, after which theclgﬁgw {5 was

vented. The reactor was then pressurized wth nitrogen

to 10-15 psi, after which the nitrogen was vented. The

nitrogen-pressuri zati on-and- venting process was

repeated two nore tinmes. HPLC qpnitoring showed a

conpl ete reaction. Enaﬁggtalysymgéé then renoved by
filtration through two CUNO f¥ t &r ®dusings (a CUNO
CTG Klean 1.0 mmfilter cadftriedde-and“®“EENO CTG Kl ean
0.2 mmfilter cartridge connected im bes) that
hadbeen pre-washed wi th isopropanol (8.9 kg, 1.95 w).
The reactor was rinsed with isopropanol (5 0 kg, 2.5
wt) and the resultant rinse Guipaund?2was filtered
t hrough the CUNO housings. The filtrates were conbi ned
and produced an Conpound 15 /i sopropanol colorless
Prepar&ii@n@ﬁf@@l‘n?o'uﬁﬂ lg:kgté% K9, 7.9 w). Approximately 15 kg
(7.5 w) (= 0.95 x 158 and 7.9, respectively) of this
[0042] solGreriernl Rrosedworec dstshawe i Stage édbeed Gongosnd 45 nmapydeagepared

as tollof FewE Bt reoBPap HBEeli s saviBudd 48 Mt b Bac
(preferab koxeeneilal. 1 Br.Daedunzs-0AS0 shRwnd ki afirageatd had@yenation

the followi ng general procedure nay be used to prepare
solvent (gmd UARraggequa Pplapselyert suchepry | Hihy wisfesabing rolsr presis sgbvent,

mor i X RS0 SR G M o)
(approximately 6-7 vol). The inert gas in the vessel is replaced with hydrogen, (preferably at
a pressure of approximately 1 atmosphere to approximately 120 psi) and the reaction mixture
is stirred at room temperature until the reaction is essentially complete (approximately 3-8
days). Hydrogen in the reaction vessel is then replaced with an inert gas and the catalyst is
removed by filtration (e.g., using Celite). The filtrate is then concentrated to yield Compound
15 (approximately 0.8 wt} as a pale yellow oil. The following procedures describe the
hydrogenation of Compound 14 to Compound 15 in ethanol and in isopropanol.

[0043] Step 1(al): Hydrogenation in Ethanol: To an inerted round bottom flask equipped

with a magnetic stirring device was added Compound 14 (3.00 g, 1.0 wt, 1.0 eq), 10% Pd/C
(Degussa type E101 NE/W, 0.300 g, 0.10 wt, 0.024 eq, Aldrich), and ethanol (20.0 mL, 6.7

vol). The inert gas in the vessel, nitrogen, was replaced with hydrogen (1 atmosphere) and
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stirring device is charged carbonyl diim dazole (CDI)

(0.34 wt, 1.1 eq) and anhydrous acetonitrile (7.4 w).
w®RownT9sg7 i s i nitiated and the mixture i s cool BCI/US2008/087435

about 0 C. 3-oxotetradecanoic acid (0.514 vvt 1.1 eq)

is added and stirring is contlnued whil e, t
the reaqt@ﬁﬁ@g(gtrg MaEs parrpshatTeem dAaapgrtug e tee @acttﬂgévas found complete by

T AT R ey L O

with nﬂ(rc’ige& thic)cagiitsawae cemoveStbediltaticn @dleie akée pmaly atdoant of ethanol
nperature at around 0 C. The reaction mxture is
“msu“?FFFFEE at around 0 C and nonitored by HPLC. After

[0044) C Or@léﬁ V\EQ? CoflREh&N 5 8RS Lkeherd®y Be (Qd2A s to Frefar Q’)onlg'i)und 22.

e keeping thé reaction tenperature <
For chativecrizetion poiposisx the(@nigpubd d Sigttanobfilabuvaszoncntkd to yield

b 7. L_sol .
Compodi K820 oll S i B Eaiy By o, Wlisod il oG BR flingar 107
methanSPdidhlofdmethiRl &aded Sntd aWilicai el aslded (RPKit, 8.0 e tiddadited with

mxture i s washed with a sol ution conposed O NH4C

10% me¢hand/dighjlorapgthaaee A few pzwfrgwtwnﬁ svepreptrabiaed ardegonicentrated in

v ARG ABTREL PSRRI £55°00) e neptane

[0045] I ayﬁﬁaliyﬁcﬂmlfbf plgtied n?cmqmmldals NMRMGIDM}& doDO13) 3:

503518 il Shtint s s HEamt) SRl e oh SThah Sa vt a3 02-
3.07 (mVQHgoz 8% (@bout H?:%}%OE (733LP9@ tﬂ&etsﬁ)éiq;@&ﬁ GBYANAR).01 50-1.36 (m,

6 vol or [ 00 Specific éxanple:
26H), OTE%%(tfpbﬂF [7aw, 16g1) priosle MUy @/Iﬁﬂé cFhdvesticaheal prlatfrar far CostlsoN O

ou n a scale that involved 95% of the anount
430.4; %?% gu'%%m& produced using 2.0 Kg of Conpound 14 in
[0046} St e$xeb (1) Hyddadsndiioh it RoSrodXadIPI T8, anlin8rtd01 271 Jldds Wask Ware

O L inerted glass reactor equipped with a
chargedhGomanishl4 €0 ko0 vaarch sy Ohi g Pk o Bieaminture was

stirred &nqglﬂ)le &?m??e ]14 Qiiéggéswlgedl “Fo f 8o A0 1 AREY ALQHS eqmpg%de\glth

acet oni tlrrlng was |1 ni
mecharacud stifrmgniect uhﬁgMBd/Cddblaﬂsoh MAthey tieend02028-10, 10% Pd/C, 50%

N T IR T -
(1.1 kg P@BS‘ WRPRRY usehdd rineSregddad dRstRaaRthRuUed S%aliﬁﬁ k‘&g‘wr The 5-

l e mai ntaining the tenperature at about
gallon nemtdlawedi ihde pfassureteil mthmgog@nﬁOti&bﬁp%whﬂmsmmMSO rpm.

N;trogcn V\% Ven{e% Whi ef sttzerrrmg 2P ﬁ[Z%)(SI eILI‘}é mtrogen—presslgzgzatmn-and—ventmg

cycle was repeated two more times. The reactor was pressurized with hydrogen (grade 5.0)
to 25 psi while stirring at ~750 rpm, and the hydrogen was then vented while stirring at ~250
rpm. The reactor was then pressurized with hydrogen to 120 psi while stirring at ~750 rpm.
The reaction mixture was then stirred at ambient temperature for 65 h, after which the
hydrogen was vented. The reactor was then pressurized with nitrogen to 10-15 psi, after
which the nitrogen was vented. The nitrogen-pressurization-and-venting process was
repeated two more times. HPLC monitoring showed a complete reaction. The catalyst was
then removed by filtration through two CUNO filter housings (a CUNO CTG Klean 1.0 pm
filter cartridge and a CUNO CTG Klean 0.2 pum filter cartridge connected in series) that had
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Compound 15 /1 PA solution (6.55 kg, 3.45 wt) obtained
in Step I (bl) was added over 1 mn and the tenperature
wo espaiomesd7 around 0 C. 1 PA (1.7 Kg, 0.89 wt) WaBCT/ESDORKE37435
rinsing solvent. The reaction mxture was stirred
nfirmed that the reaction

been prigiG BRI B o opagh 3P Kec bBS ShcTBF 1eacaB Ry Ings doythyjsopropanol
(5.0 kg,% L o®HndWRS retsﬁﬁa[ht %Q@Q)MHA @am%%@gzr&gﬁ"l thé@eN® 'Plousmgs

nperature < The acetic acid tion took
The ﬁltlpleaweerapmnbmdané pgodmedza Gompewed hﬂiesomppmlmdica]:&ss clear

sotuiord 3 e TSRS P et B e 095 LR Bo 78 sptvety

of this sBRffoh8laseehdeithic8\LARANAE @esshfb t\éfﬂ?f&fpk%a 2ad uddiin€ the
produced a cl ear orange sol ution ane (16.2 Kg,

Step 2a gvigguipyrifigagordded and the resultant mixture was

washed with a solution conposed ONH4CQ (0.29 Kg, 0.15

wt) and water (9.9 Kg, 5.2 w) followed by washi ng
Prepar¥fidihoPCompahd2qSip@agd of sodi um chloride (1.9 Kg,
[0047] 1. G iHelaPibeb@iiRF ABhdwilth SRBgd?2 Whbdve, TMOHS@'I@%HE@Y%M;E:&M@

was concentrated in vacuo at 25-30 OC down t

may be ygidyto preswpt epyposekZtad waghte aqgivalengsingivolygaes arky ative to
the masg S COBRGENESETH AN SR bER-ABR-ERAGEF L RDSG |

stirring Heide & chatged Eaubbhyld(ﬂﬂli?ja@)ﬂe (33)1}3(0&?4(9@1 %1 ecﬂ%hﬂlanhydrous
.conditians, fqor anal ysis ppound 22 (HPLC TM _ of

acemfegﬁw%o% - Pyring }apﬂ@a@élaaﬁﬁw%v@ IEArFhtoRpst U (505pxo-

tetradecé{n(ﬁc qE (8.5 W R %ﬁfzs%ﬁ&@i ﬁﬁi RARR 6] RARGHIRL HE %erﬁlgerature

Mobi I'e "phase A: 2.0 ni L 28 0% aqueous NH OH
is mamtamlgd of am 8rC. Bhe Zmﬁiamﬂidwffozﬁatmw acwnaouzsl ENHAREC T tWhenL

determi%cg(;(%l%gl t% &%ﬁ%ﬁ%dgé% g}olutlcrclilr 8dé w%t obtained mrgtep 1 1s added,
keeping the temperature at around 0 "C. The reaction mixture is stirred at around 0 "C and
monitored by HPLC. After completion, glacial acetic acid (0.24 wt, 2.1 eq) is added while
keeping the reaction temperature < 15 "C. The reaction mixture is brought to about 20 C and
its volume reduced to about 5-7.5 vol by partial solvent evaporation in vacuo at 20-25 C,
giving a clear orange solution. Heptane (8.5 wt) is added and the resultant mixture is washed
with a solution composed of NH4C1 (0.15 wt) and water (5.2 wt). The heptane layer is then
washed with a solution composed of sodium chloride (1.0 wt) and water (3.2 wt). The
heptane layer is concentrated in vacuo at about 25-30 °C down to about 2.2-4.4 vol, then
isopropyl acetate (9.0 wt) is added and the resultant solution is concentrated in vacuo at
about 25-30 "C to give a clear orange oil (2.2-5.6 vol or 2.0-5.0 wt).

[0048] Specific example: The following procedure describes the preparation of
Compound 22 on a scale that involved 95% of the amount of Compound 15 produced using
2.0 Kg of Compound 14 in Step 1(bl). Thus for this example, 1.9 Kg=1.0wt. [na50L
inerted glass reactor equipped with a mechanical stirrer was charged carbonyldiimidazole
(CDD) (0.65 Kg, 0.34 wt, 1.1 eq) and anhydrous acetonitrile (14.1 Kg, 7.4 wt). Stirring was
initiated and the mixture was cooled to 0 C. Then, 3-oxo-tetradecanoic (0.98 Kg, 0.516 wt,
1.1 eq.; purchased from DSM Pharmaceutical Products, Parsippany, NJ) was added under
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Compound 22 nay be crystallized froman isopropyl
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12.25 haﬁeuﬁwzdmpesmd%wddmohg dr hﬂeadmmtmmﬁﬁe @;as drehghh@0 C and its
pr ef er abl eld at -12 an additional 1 h.
Velumewﬁﬁ d%ﬂf%ﬂ 17 L& detp )a%l’ftfﬁ%‘ sobienbe YAPRRERD W terug at 20-22

°C, whi@Phdaleedd 9%k oﬂdg‘é%ﬁﬁltzgfl H%BBBS’PD@ 2 Kg, 8.53 wt was a added and the

acetate/acetonitrile (1: W) - cake
resultant suigiuredas waged dutes @émxmnmmﬁeésf l‘deﬁl @0@2951@,1 ® I 5 wt) and

water (SFR% 3% SRl et R it i RO R P et S S B dlorice

(19 KgC[ xasmhﬁd %8t (It KN 32 wGalBe hBsiind 1ray&l W@%oﬂac&xﬂﬁﬂed‘% vacuo at

ound 14 starting materi al

25-30 °Crdoa‘/ngtpa§§~ (Fedgel), lsopeongt %R?éﬁtéﬂr?p(bﬁﬁdg 22 “6) wag ﬂ)@maé@%band
the I'ESU%[%Ht(S%hEI %as%%ﬁ?&t%%dgﬁ %&%ﬁ@ 3%43)05 &a%/hgdhspﬁ*&h]\{c%g al fear orange

opropyl aceta he r'esul tant
oil ~7 Ls(Gl UtalpPuring sHPLICH e8 el a@n d/a)e XECRISS cenditiemt fonasaly @srof/€ampound

22 (HPtB Tﬁfg?cg&pgﬁﬁffz)cg The remai ni ng sol ution

HPLC Column Waters Xterra RP18, 150 x 4.6 mm, 5 pm, Waters catalog 186000492
Temperature 35°C
Mobile phase A: 2.0 mL of 28-30% aqueous NH;OH in I L of water,
B: 2.0 mL of 28-30% aqueous NH,;OH in 1 L of CH;CN
Flow Rate 1.0 mL/min
Gradient time, min %-Solvent B
initial 93

13 93

18 100

27 100
{njection Volume 10 ul
Detection (UV) 225 nm
Compound 22 9.4 min £10%

Retention time

Compound 22 Crystallization (Step 2b)
[0049} General Procedure: Compound 22 may be crystallized from an isopropyl
acetate/acetonitrile mixture. For example, in a glass vessel, Compound 22 (2.2-5.6 vol, based

on Compound 14) is dissolved in isopropyl acetate (3.5 wt). The resultant solution is filtered
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nmpound 22): Yield: 69 % from Conpound 14). Conpound
(aPPmXZEaWéVCQ%tSaWrzatl on (Step 2c) [0051] Gener al

[0050] ! F’f 18 1R ARh| %‘f&deﬁux%'p%@s%n%%w O&hb&chd 22 was

Jac S reactor equi pped h a stirring device
crystallgred outmbat mﬁ: t@@in:pmlmdd 23 Kgommpemwstmmmwm@ e, 1.9

e = 130y gt P, BT i M B eF B L7 ihpesBa on

Compoéﬁ@d fﬁﬁdve{scﬁl%@t\%a ngi:éob&pg! MBtafe ¢h Mg, S Wh ame rél'shxﬂaﬁﬂ RAftion
solution is cooled to 5-10 Cto formcrystals. The

was filtgredpod axagsesqleent Nef reiae veedr tecupsat 20-30 (o hegsmpipeng solution

| | . .
025 R SSoX R §50L A AL LRt Al b
mechanical Stirrdd afad QMaﬁdegIsteﬁﬁe hbdntﬁ.ﬁi.(}:’iég;(@ﬁaﬂb }zsy ﬁgfeiddltlon of
t t t - -
isoprophl 0TS ol e 55 P tAfAe A b ke MO tish idpd pbiader
inert nﬂ?{%en%%%ﬁh@f% Qtﬁmng QPR hic@GRE et thPRithid Was(dboled 10 7.3
and dried I n vacuo to produce Cgnpound
“C to o Casnmunhl 22 @rxsmm eFhe teeyppratuce vets ¢hap 1@ised & BH1wE Yo dissolve

smaller SRR o e AT JUL A K401 Ao EhABOURH 29 g 17 C

overnighd afd tsfgf gilSIrHI«t{i )%rcﬂﬁldf—ﬁgn@fbﬁaﬂém@hamﬂe&é&ﬂt@{g dotnpelsRiondbas
filtered and the solid was rinsed with a cold (~20 °C) mixture of isopropyl
acetate/acetonitrile (1:1 (v/v), 2.6 Kg, 1.4 wt). The wet cake was dried in vacuo, which
produced Compound 22 as a white solid, (1.83 Kg, 0.96 wt; Purity: 92.5 area % (HPLC 1M1

of Compound 22); Yield: 69 % from Compound 14).

Compound 22 Recrystallization (Step 2c¢)

[0051] General Procedure: In an appropriately sized and inerted jacketed glass reactor
equipped with a stirring device are combined Compound 22 (1.0 wt (based on Compound
22)), isopropyl acetate (4.4-4.9 wt) and acetonitrile (3.9-4.5 wt). The resultant mixture is
stirred and warmed to 20-25 °C to give a clear solution. The clear solution is cooled to 5-10
°C to form crystals. The temperature is then warmed to 16-20 °C to dissolve smaller crystals

and held at about 17 "C for about 2 h. The temperature is slowly cooled linearly to about -3
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= 1. 65Kg compound; 1.65 Kg = 1.0 wt) were conbi ned
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= LosK rffund, Lotk S8 S0 A AR Rich HpRy fecpy a0 g 48
wt) and @.c%nmhl,e (PGW |I<ig( 4. 59\9t) A8/anf hieked FVIL gaék@ahgimrrda@(&)gquipped with
a mech %akg#{rf?ri 0053 xg@g g\lze% t?{n%% f(ugi \t?vgrrg.e%;t %wdgigg cf:i clear
Solut10n5 B éea%@oiﬁﬁbn W& coéle(p% .4 A f@S’rm'n:'f'gx-ﬁ;al's3 Tl’&)exf, dSldissbive smaller
crystals3thg Gergp@&u(:?ﬁvaq wprme@ t536(@t C antll)?va@ekgﬂg 16. 21?@ @tfor apont 2 h.

The temi)e%uri%@g owiy ﬁﬁﬁfg ?cb(g% (t Hlféljlil'gh‘tlsrﬁﬁ ﬁﬁ@&b"%g g ’tl?\?éemperature

was held MHitht tbm'f»hﬁﬂiretfdu(‘ﬁﬂ adalondl 20 im0 Tl sdGAAAANBed HhkriGicd with
actual result; 654.6. Exanple 2: Solid State
a cold (ﬁ%& *ho pRutoRef @ﬁpr@py@cy@f%qer%n@oﬂpbuﬁw) ézﬁ kag, 25pWiend dried

in vacugilrgaﬁlS % f I‘Pa&hicﬁgﬂ({)&lgéél bgh?'o{}tgd % 84 Q%HQ ls@itéd? Lgl gﬁ] rléé:' 9.93 wt;

fractoneter, a were collecte
Purity: 99)4WIHPMWHM1 adiGdmpeind@3);.Cokrbi: OLE8Rs), with 2-theta

100531 poceetel gy farce ooRoued 240 i ot BBl s 0. -

7 Hz, 1EXBR3tuqn) 106, £o3.5t Al élnh WQI)CQWQQQ@MZ 5 ﬁaezﬁ’jxmw 60 (m,
attern shows peaks at 20, 1

3H), 3 4%45,52?%};32623338 {®, 3H).0. 38 (EQQ: 711@2 ZH)E)Q 2%@1 —177H8, 3k4), 2.79-1.89

(. 1008y by dg-Tidon, A0S (72012380 BT Ss Ty

Theoretlt@l calculation for CagHsNOQg: 654.6; actual result: 654.6.

Example 2: Solid State Characterization of Crystalline Compound 22

A. Powder X-ray Diffraction
[0054] Using a glass plate, on the Scintag Diffractometer, data were collected under
normal powder diffraction conditions, with 2-theta range of 3-40 degrees, using copper
radiation. No background correction was applied. Figure 2 shows the PXRD pattern of
crystalline Compound 22. The PXRD pattern shows peaks at 10.3 £0.2 °20, 12.3 £ 0.2 °20,
145+02°920,153+£02°20,162+£0.2°20,17.8+02°20,222+02°20,22.9+0.2
26, 23.8:+£0.2°20,253+0.2°20, and 26.8 £ (.2 °20. Crystalline Compound 22 may be
characterized by a subset of the peaks shown in Figure 2. For example, the following peaks
are characteristic of crystalline Compound 22: 12.3 £ 0.2 °20, 145+ 0.2 °26, 16.2 + 0.2 °26,
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characterized by a subset of the peaks shown in Figure

2. For exanple, the follow ng peaks are characteristic
wobkoenyskal | i ne Conpound 22: 12.3 0.2 2Q 14.BCT/0SR08/087435

2Q 16.2 0.2 2Q17.8 0.2 2Q 22.2 0.2 2Q and 23.8

178+ QA ST AP IRITNP3 0. IG5 gb 518 ek tsed o
shown NAn2alsd 88L& dko i&&ﬁ%%@ﬂ%ﬁﬁ&cp%.di tions X-ray

diffractonmeter: Scintag Tdrget: Det ect or:
Scintillation Counter Tube voltage: 40 kV Tube
Tablelg rrerl}tr: 20 cni .Sl ist: DS1, RSOnmSS | 0 Scan
Bkg%s: YnREtcos fﬂﬁ[} ng wi dth: 0.02 Scan range: 3 to 40
X-ray dd%inplomdnn| Slentaggl ass hol der Goni oneter: hori zontal
Target:@@ni oneter Filter: not used B. DSC Characterization

Detectdr 0852 11-80hicdnust-at € characterization of crystalline
Tubev%@gpmgvzz was determ ned by Differential Scanning
< ?Zri

Tube ct ry (DSC, al um num pan technique). The DSC was

Slit- D t{ﬁ‘ a 2%2?0 DSC V2. 5F cal orineter heating to 150 C
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Scan spsed: e/ MR 50 nL/mn using a 2.91 ny sanple of

Sampligg yidthi (-9he Conpound 22. Figure 3 shows the thernogram
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Gonionadteohaorvatat esioasiang an El ect r ot her mal

Filter: not used

B. DSC Characterization
[0055] Solid-state characterization of crystalline Compound 22 was determined by
Differential Scanning Calorimetry (DSC, aluminum pan technigue). The DSC was run with a
2920 DSC V2.5F calorimeter heating to 150°C at 10'C/min with an aluminum pan under a
nitrogen purge of 50 mL/min using a 2.91 mg sample of crystalline Compound 22. Figure 3
shows the thermogram of crystalline Compound 22 with melting at 41°C (onset temp.).
[0056] A melting point experiment was also conducted using an Electrothermal
Mel.Temp Apparatus, with a Fluke 51 I Digital Thermometer. Compound 22 (2-3 mg) was
loaded in a capillary tube (1.5 - 1.8 x 90 mm, Kimble Product KIMAX-51, part no. 34505).
The observed melting point was 41-42°C.

Example 3: Compound 25 Synthesis and Seed Crystals Formation

A, Compound 25 Synthesis and Crude Crystals Preparation (Step 3a)
[0057] Synthesis of Compound 25: Into an inerted jacketed glass reactor equipped with a
mechanical stirrer were added Compound 24 (N, N’-bis (2-hydroxyethyl) urea; 8.00 g, 1.00
wt, 1.00 eq; purchased from vendor Mitsui & Co. (USA), Inc., New York, NY; manufacturer
Yoyu Labs), pyridinium trifluoroacetate (0.5 g, 0.063 wt, 0.05 eq) and acetonitrile (59.7 g,
7.5 wt). Stirring was initiated and allyl tetraisopropylphosphorodiamidate (35.0 g, 4.4 wt,
2.24 eq; purchased from Digital Specialty Chemicals, Inc., Dublin, NH) was added. The

resultant mixture was then stirred at 20-25 °C overnight (17 h). HPLC monitoring revealed a
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C. Compound 25 Seed Crystals Formation (Step 3¢)
[0059] The following procedure can be and was used to prepare the seed crystals
referenced in Step 4a and Step 4b, below: Into an inerted jacketed glass reactor equipped with
a mechanical stirrer was added Compound 25 from Step 3b (5.59 g, 1.00 wt) and a solution
composed of heptane and TBME (9:1 (v/v), 120 mL, 21.5 vol). The resultant mixture was
stirred at 20-25 °C, and more TBME (3.0 mL, 0.54 vol) was added to completely dissolve
Compound 25. The temperature was reduced to 10 °C over about 1.5 h, forming a white
precipitate. The temperature was warmed to 16 °C and maintained there for about 2 h. The
reactor was cooled at a rate of about 2 °C/h to 0 °C, followed by cooling at a rate of about 3
°C /h to -18.8 °C, then maintained at about -18.8. This cooling profile was carried out
overnight. The solid that formed was filtered, washed with a cold solution composed of
heptane and TBME (9:1 (v/v), 16 g, 2.9 wt), and dried under vacuum. Compound 25 (5.23 g,
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added Conpound 25 from Step 3a (19.5 g, 1.00 wt) and
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soI u on 2conposed ﬁept ane and TBME =Q (v/v), 16
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Compound 25 (HPLC §¥PP8#9E4npound 25) Exanple 4 \__
Preparati on of Conpound 25 Conpound 25 Stage 3: PyTFA,
ACN, crystallization. Compound 25

Stage 3: Py.TFA, ACN, crystallization.

Preparation of Compound 25 (Step 4a)

[6060] General Procedure to prepare Compound 25: (Note: 1.0 wt herein refers to the
mass of Compound 24 used as starting material to produce a batch of Compound 25). In an
appropriately sized and inerted jacketed glass reactor equipped with a stirring device are
combined urea Compound 24 (1.0 wt, 1.0 eq), pyridinium trifluoroacetate (0.07 wt, 0.05 eq)
and anhydrous acetonitrile (7.0 wt). Stirring is initiated and allyl
tetraisopropylphosphorodiamidite (4.4 wt, 2.3 eq) is added. The reaction is stirred at 18-26 °C
for several hours until complete. The resultant mixture is cooled to approximately 9-11 °C,
preferably seeded with crystalline Compound 25 (~0.005 wt; the preparation of the
Compound 25 seed crystals 1s discussed in Example 3, above) and the temperature
maintained for about 2 h. The mixture is then cooled to about ( to -15 °C at a rate of about

1.5 °Crhour, followed by cooling to about -20 °C at a rate of about 2.5 °C/hour. After
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Preparation of Conpound 25 (Step 4a) [0060] GCeneral
Procedure to prepare Conpound 25: (Note: 1.0 wt herein
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19.2 °C €9 £33t K4, af@er%zm Ehe Qo@é tt%g ha@ AR WAL KRd under a nitrogen

acetonitrile (3 w). Stirring was Itnitiate
atmosp?Emj vadshgd witb ol (&e’:{:ﬂ ‘tfpiydnbmmph accoatiigme Oli.3 Kg( 2.0220) Kgd dried

undera ygopt nifoges VoM BRUREERLT 1RE 478 R AR G arderln

(HPLC S bff ﬂmﬁp&hﬂtzﬁﬁv@ai SReinkOAs Yahie eHId atewad {t6feddBidBr nitrogen
The resultant mxture was cooled to 11.1 OC and the

at aboutt-gfrpe ruatilperifgggion.

Compound 25 Recrystallization (Step 4b)

[0062] General Procedure for the recrystallization of Compound 25: In an appropriately
sized and inerted glass reactor equipped with a stirring device, urea di-phosphoramidite
Compound 25 (1.0 wt, 1.0 wt herein refers to the mass of crude Compound 25 precipitated
from the reaction that produced it) is dissolved in TBME (1.5-2.0 wt). Insoluble particulates
are removed by filtration. The filtrate is transferred to an appropriately sized and inerted
jacketed glass reactor equipped with a stirring device. Heptane (13.2 wt) is added, and the
resultant solution is cooled to about 9-11 °C and stirred in that temperature range for about
1.5-2.5 h. A white suspension is formed (seeding may be useful to facilitate Compound 25

crystallization; the preparation of the Compound 235 seed crystals is discussed in Example 3,
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added, 1B gesypen spiuiRnavas cpeled iy 1 @éviCe ompapnd A8 startsd 2o prerinigtle
about 5 gzgg%j[er as&ﬂnh& Gak Gt d‘fu@@ by qll u’t‘ 1P aﬁcﬁlt $9¢ hﬁg TRe ?’H}?tld}e was

0C and®stirre tenmperature range
then coclbdat a tatbefZatiouhl .5 ACuur ev&‘ughensa empemtdeoffebotsé28CnFhe
be usef ul, tofac:lllt

next dag PR VR Z01TBHED 4 Aot L BATALs DA DPU Re EORPALHEOSS T2 °C.

after wiiE@EtheGEipdratuse Was Klig %&Scﬁ)%gt 2 RolX 3BRlen 31 2HQY O °CTh?he solid
m xture 1s cooled to between about 0 to about -15

that wagformed aas theh (disset. whsledovib acoldisolutivndd- Z@y"Cd @gmmgect o

om0 B SPGB R RS S e o

about ZSGIH CCdxﬁp(fdnldtZGr\eeﬂ; obtasdEs vvhile solRII0 7S A &) 0L WA, Pu&@ 93.9%
conmposed of heptane _and T I(voI/voI)

7. 3-1
area percgnt\ﬂ{)P%BMgrqféa)Wfl 28); Y@@aﬁ@@& from Compound 24). The filtrate

was concentrated in vacuo at 20-30 “C and recrystallized according to the procedure just
described. Thus, a second crop of Compound 25 was obtained as a white solid (0.225 Kg,
0.19 wt, Purity: 92.6% area percent (HPLC TM2 of Compound 25); Yield: 11.8% from
Compound 24).

[0064] Analytical Data for Compound 25: "H-NMR (400 Mz, CDCl3) 8: 5.90-6.01
(m, 2H), 5.30 (d, /=17 Hz, 2H), 5.16 (d, J= 10 Hz, 2H), 4.79 (t, /=5 Hz, 2H), 4.06-4.26
(m, 4H), 3.66-3.79 (m, 4H), 3.54-3.66 (m, 4H), 3.33--3.47 (m, 4H), 1.18 (d, /=7 Hz, 24H).
ESI-MS (I\d*i~7N3)+ Theoretical calculation for Co3HygNaNaOsP2: 545.3; actual result: 545.4
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tenperature of about -15 C. The next day cooling was

Compogoht2Snued at a rate of about 1.5 C/ hour to a
tenperature of -17.2 0C, after which the tenperature
was held for about 2 hours between -17.0 to -20 OC.

qu)sglmdlrhmmmfor med was then filtered, washed
a cold solution (-20 0C) conposed of he{gqttane and

[0066] TBl\M@?stati charasteneition Of coptapdgne Gompeynd 253ep dptgraned by

iyt LSRN RISy el SR o o

DSC VRGFicaloring8erdmane [06r €enhbqutiPlC/RNE unflerGonpounndit2 59 ;

. Yield: .36. °/fromCo und 4 The fi
aluminyp pan ysing %*Hg@%ma @%3%? %"Eﬁ‘a“‘ldleﬁ %ﬁ%%%s%’@avs the
thenno@‘éﬁ@b@bﬂ@ta‘liﬁlet@%npd&ﬁ%u (BedeUfl sHRSIE LY bBthpolhW3s nmted at 65

Second crop of Conpound 25 was obtained as a whit
°C (onsgofeing. ) 0. 225 Kg, 0.19 wt, Purlty 92. 6% ar ea percent

nd 25 1.8%fr
10067) Sy s Sk PP AT R s bl By SR e
Temp AppathtddBvith@ITuRY 5011 Dig@r Bhddthometer. Compound 25 (2-3 mg) was
loaded in a capillary tube (1.5 - 1.8 x 90 mm, Kimble Product KIMAX-51, part no. 34505).
The observed melting point was 65-67 °C.

C. Single Crystal X-ray Diffraction

[0068] Compound 25, 150 mg, was dissolved in acetonitrile, 1 mL, at about 25 °C. The
solution was cooled to about 0 °C over about 425 minutes and then held for about 1000
minutes. A single crystal suitable for x-ray diffraction was obtained. The crystal structure
exhibited a colorless needle crystal structure having dimensions of 0.18 x 0.06 x 0.06 mm.
The crystal was mounted on a 0.2 nm nylon loop using a small amount of paratone oil.
[0069] Data were collected using a Bruker SMART CCD (charge coupled device) based
diffractometer equipped with an Oxford Cryostream low-temperature apparatus operating at

about 193 °K. Data were measured using omega scans of 0.3 © per frame for about 45

32



(m 2H), 5.30 (d, J = 17 Hz, 2H), 5.16 (d, J = 10 Hz
2H), 4.79 (t, J 5 Hz, 2H), 4.06-71.26 (m 4H),
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minor twin component that is orientated along and rotated about the reciprocal axis -0.010
1.000-0.040 and real axis 0.001 1.000-0.002. The twin data was integrated and refined.

The percentage of twin refinement was found to be less than 1.5 %.

{60790] The structure was solved in the space group P2,/c (# 14). All non-hydrogen atoms
were refined anisotropically. Hydrogens were calculated by geometrical methods and refined
as a riding model. The crystal used for the diffraction study showed no decomposition during
data collection. All drawings are done at 50% ellipsoids. An ORTEP drawing of crystalline
Compound 25 with various atom labeling is shown in Figure 6. Figure 7 shows the crystal
packing diagram along the c-axis. The crystal data and structure refinement parameters are

reported in Table 2.

Table 2. Crystal data and structure refinement for crystalline Compound 25.

Empirical formula C23H43N405P2
Formula weight 522.59
Temperature 193(2) °K
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Crystal X-ray Diffraction [0068] Conpound 25, 150 ny,
woamadrssol ved in acetonitrile, 1 nmL, at aboutprP@BUSL008/087435
The sol ution was cool ed to about 0O OC over about 425
utes and then held for 1000 m nutes. A single

Wavele%‘?i‘?t al suitable for x- r%ﬂgﬁ#f&f action was obt ai ned.
Crystal ®rystal structure ex 12 col orl ess needl e
Space ggqUpst al structure havi ng fdi (¥Rsi ons of 0.18 x 0.06 x
Unit celpd@aensians The crystal was atodnddH1dhAa 0.2 i on

| oop using a small anountb-of2p3@ dne oi | . FFOT6HH6(Hl.a

were col |l ected using a Breuk@B33SMAT CCD (char 9.
VolumeCOUP!l ed devi ce) based di f3f(5 Pgﬁeter equi pped with an
7 ()(ford Cryostream | owtenperature apparatus operating

at about 193 OK. Data were measurged usi ng onega scans
Densitydgalgulatedher frame for abdul31488@onds, such that a

Absorphhenispihdes was col | ected.0.Wtmial of 1271 franes were
p(oog)col lected with a maxi rrum;r;_e,sol uti on of 0.76 A. The

Crystal 1|ert 50 franes were recqj he end of data
Thet ad ee({?é Eo noni t or for pararreters wer e
eafar“@f’f‘?f FUY SMART sof g 625 (NT)
Index ragges war ef or the CCD Det ec gfst]é’l%KB}M &hnal yti cal
Reflectigoy ¢glleciedt ens, Madi son, $001)), and refined using

Indeperdpningtlesiionr | obser ved ref40é t{Rdﬁg) Bdtod8} educti on was
Complegrmessoortbeta 32t he SAI NP9sbtt ware (SAINT V 6.22 (NT)
Absorptsef tomscgofior t he CCD Det édtibsseByst em Bruker Anal yti cal
Max. alﬁﬁ—rﬁﬁaytrﬁysmlemn Madi son, \W.98®30Mi)0).9688hi ch corrects for
Reﬁnen‘re%t decay . Absor ption I%‘i’l%ﬁ L4 1008 NEIEs i ed
Data/rg 31198} a%at% BS nUHISC% 5' 95’& ﬁ&ﬁ %pg/_\

0 Sor pti on corre ns~Usi ng Si enens
Goodn @r@@; ?n R H Acta %Ot A51 1995, 33-38). The
FinalRél!di%tﬂFr?@s(Iﬁere sol ved byR1hé. 0131 eoR2med RO Usi ng the
R indicSHELL¥8497 program (see Shel diiidR], @R/I= GBEI4XS- 90,

Largeszaﬁ@q;reﬁﬁhﬁ@holtehe Sol uti on @4 Crsioal3SLATCt ur e,
University of CGdttingen, Germany, 1990), and refined

by the | east squares nmethod on F2, SHELXL-97, (see
[0071] Shed simutdted KRR pidEL MiseQ Bn tir ﬁgglam:rsfsmi datadoREbiInpewEhlS is

shown %ﬁ%ﬁ helgg% %Ifﬁ } s V\gfég flsérxliate the g’mgle crystal intensity

data observed using the program XPOW. (XPOW, Simulated Powder Diffraction Pattern,
Version 5.101, Bruker-AXS, 1997-1998.) Key parameters for the calculation include the
wavelength, used copper wavelength of 1.54 A, and the cell parameters retrieved from the

final refinements. The line width and intensity is dependant on the equation:
Height = intensity / [1-+4*x*x(w=v*tan(0))]

x =20 /290 where 260 is the Bragg angle for the reflection. The variables w and v are

lineshape parameters. For these calculations 0.02 was used for both w and v. The table

below lists the nine peaks with the highest intensity.
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Compound 26

Stage 4: ACN, Heptane, HOAc, H,O,, Na»S,0,, chromatography.

Preparation of Compound 26 (Step 5a)
[0072] General Procedure for the synthesis of Compound 26: (Note: 1.0 wt herein refers
to the mass of Compound 22 used as starting material to produce a batch of Compound 26).

In an appropriately sized and inerted glass reactor equipped with a stirring device are charged

Compound 22, for example Compound 22 obtained from Steps 2b-2¢, preferably Step 2c,



Vol une 3068(3) A3 Z 4 Density (calculated) 1.131 ng/m
Absorption coefficient 0.177 mm 1 F (000) 1136

w@roshade2si ze 0.18 x 0.06 x 0.06 nm Theta r angeCT/082008/087435
data collection 1.50 to 22.60 |Index ranges -22<h<29,

B e R e
4b, prefCRBR) ﬁ%? 5(3}42%{6 %%nghﬁgowacgtoﬁt S@{(p&r{)%d anh drous

correct I'tiscan transnission 0. 9¢
heptaned hd 0t) 96881dRd frdh stmein 15 theoat. F[hel mnmtre |19(whm&$1tteaquar%s25 °C
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tempera%!lre *at 9001}@ §0125 Mﬂe@cﬂ%ﬁ%’fstﬁréd@ 'aE@@t 2@d§ octdgdradvdrhl Hours
wR2 034 Largest dif peak and hol e 0. 347

until comp&:te oAgkgggir@usalle@taEr;@@& Q]m)\lsg;hmgedtz@ thexrRradttee Wnbﬁg’é‘@i’e is

cooled FHpblIG-SPOEErYOL Bl dBLE O (RIRRUNE BRSBTS Rer

about otshf; n’iduﬁt@inﬁlgCthy SdnaperatQiceN S, ditfeaeQtinaliy &trddsit RG Gthﬁltﬂ
am XPOW_ (XPOW_ Si nmul at ed Powder Diffraction

cemple@a?gr TeACtiopeis éﬁi%lrfzogleﬁam abgpt k&r anshessidyggeropadss aye guspehed by
the add#i3h JFEh g&i&oﬁ? Sollifi6h Sﬂoﬁﬂlr@mi@ﬁlfafécﬂeﬁaﬁyaﬁ% (1/1 (w/w), 0.26 wt,

0.34 eq). Stirring is continued at about 0-4 °C until the heptane layer returns a negative test
for peroxides. The temperature is raised to room temperature and then the salts are filtered off
and rinsed with heptane (2.3 wt). The resultant filtrate is charged into a new glass reactor and
layers are allowed to separate for about 15 min. Three layers are formed, with the bottom
two layers (aqueous and acetonitrile) being drained and discarded. The top, heptane layer is
washed twice with acetonitrile (1.8 wt) and concentrated to dryness at about 18-25 °C. Crude
Compound 26 (1.2-1.5 wt) is obtained as a thick, slightly amber oil.

[6073] Specific example: The following procedure describes the preparation of
Compound 26 on a scale that involved 0.565 Kg of Compound 22 with a purity of 99.4%.
(The term “1.0 wt” in this example refers to 0.56 Kg, which was the actual mass of
Compound 22 used as starting material to produce Compound 26.) In a 30 L inerted jacketed
glass reactor equipped with a mechanical stirrer were charged Compound 22 from Step 2¢
(0.56 Kg (=0.565 x .994), 1.0 wt, 1.0 eq) and Compound 25 from Step 4b (0.248 Kg, Purity:
93.9%, 0.42 wt, 0.52 eq). Anhydrous acetonitrile (2.8 Kg, 5.0 wt) and anhydrous heptane
(0.79 Kg, 1.4 wt) were added and stirring was initiated. The mixture was stirred and warmed
to about 20-22 °C in order to dissolve all solids. Acetic acid (0.068 Kg, 0.12 wt, 1.3 eq) was
added over about 5 min while the temperature was maintained at about 22-24 °C. The
reaction was stirred at about 20-24 °C for about 24 h, and completion was verified by HPL.C.
Anhydrous heptane (4.49 Kg, 8.0 wt)) was charged into the reactor and the temperature was
cooled to about 0-5 °C. H»>0» 30% (wt/wt) in water (0.106 Kg, 0.19 wt, 1.1 eq) was slowly
added over about 26 min and the temperature remained between 0-2 °C. The reaction was
stirred for about 3.5 h while the temperature was maintained between -1 to 2 °C. The

oxidation completion was confirmed by HPLC. Residual peroxides were quenched at about 0
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wavel engt h, used copper wavel ength of 1.54 A, and the

cell paraneters retrieved fromthe final refinenents.
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equation: Height = intensity [ [l +4*x*x(w=v*tan( q))]

. = 2Q wh 2 for .t

C by U AR o Mo § ol Bigh BE sl SIS B pefftbyiBiue 11 oo,

0.146 kgar 2ORA,ET ™ e fOSHERESRasddkiabiad bansigh ﬂa 2685 aﬂ&&;ﬂn DOreC. The
h wand v. The table below lists the nine peaks

heptanelpyas vaséestidglioe die nreﬁeeﬁ%ﬁ)&gﬁr@sdéeﬁp{l‘ﬁé/l uant neperides tost. bM

Sc1ence$@)%{§@? é@&?@t (%Hgg ma% Satir%tgp ult rhg 6%}'% rl ont\g?s f&os% al%Put 20
°C. Sal&bwérstfRRrdift Mﬁﬂéed@ﬂﬂﬁlﬁ@tan%r(@ Q@d@g 8. jSQﬂT)t fT8e resultant filtrate

synt hesi s of Conpound 26: (Note: 1. herein refers
was chargedt ine graeys gbiSS @@ﬁtpo@mblams u@é@aléswﬁttars@paﬂ@te et aouhl S min.
[O
heee RRAR GG, S8 60 lonly YR G Wyt prsdpoioed

and disodirddd. aHRttbp,MepGné Bivet FadihvasiedawiRdvifoaRennei22..0 KQr 1.8 wt)
exanpl e Conpound 22 obtained from Steps 2b-2c

and Conﬁeréf%ﬁ?daﬂﬁl d}yrasw weup at ot 18-236Ce @m%@owap@%@@w Kg, <1.4

wt;, Pﬂr%é] gar}é; n.ga} ﬁ%rggnqgo qo gla:cglne? 8§ % En@f oil, @ﬁséérjn.gerp\%e]&l@%?%néiﬁ:% of
residualdetanoi HAL o BiGorelidr Aty sETyEhnastsnt 26 (HIE C( T34 Aompound

are added and stirring is initiated. The m xture is
26): warned to about 20-25 OC in order to dissolve all

HPLC corfinl 0S.  ACEUTC aci d (07 T2 Wyareks 3Gy 3097 18VESY x AGHEH5 m

Temperafddl Nt @l NI g The Tenperat ur ¢ satc about 20-25 0C. The

Flowratd €action 1s stirred at abouti odd-»ia OC for several

Mobile PRGEIAS unti | conpl et e. Anhydrous shephaperi{ &iddn YWIOP mil Svater

Mobile PefaBged 1 n the reactor and Dh&LtSSﬂEnﬁb@hdﬂﬁecﬂ&leiﬁ)ﬁhledhanoi

Gradientt 0 about 0-5 0C. H O2 30% (W / vitng, min wat e&S@ndy w ,
1:1 eq) is slowy added ovel_aer| ng
the tenmperature at <5 0C. The reaction is stirred at
<5 0C until conplete. The reacti dh is then &oled to
about 0 OC and residual peroxidessare quenched by the
addi ti on of an aqueous sol ytion Qg sodi um t hj,osul fate
pent ahydrate (1/1 (ww), 0.26 w, 0.34 eq). §t|rr|ng
is continued at about O-4 QC untP? the hept #¥e | ayer

Injection VBHENS a negative test 20 ul
Detection UV =215nmm
Compound 26 Retention Time 33.1 min+ 10%

Compound 26 Purification (Step 5b)

[0074] General Procedure for the purification of Compound 26: (Note: 1.0 wt herein
refers to the amount of Compound 22 used to produce crude Compound 26). Crude
Compound 26, e.g., as obtained from the Step 5a (approximately 1.2-1.5 wt) is dissolved in a
mixture of isopropanol and ethyl acetate (1/99 (vol/vol), 2 wt) and the resultant solution is
loaded onto a Biotage silica gel column (approximately 10 wt of S10;) pre-equilibrated with a
mixture of isopropanol and ethyl acetate (1/99 (vol/vol), approximately 55 wt). Separation is
performed using isopropanol/ethyl acetate (3/97 (vol/vol), approximately 80 wt) followed by
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for peroxides. The tenperature is raised to room
tenperature and then the salts are filtered off and

WO 2009emerd t h heptane (2.3 wt). The resul tant fPeT/82088/087435
is charged into a new glass reactor and Iayers are

130pr0p?r&1%g1(§9 a%?qtﬁ ?f(ﬁé(? {3 gtl/]:fg a?p\?egpl’;{lgrgé"g}ynf 1?) \a{g n E}fger ﬁ%earouné ﬁnrty—
five fra&fb%& BRL1 Ritlaf) cIRERE, HEREME e ANEatli G %Bﬁlﬂﬁgnngﬂq?’/ot(ﬁ%e
heptane |ayer is washed twice with acetonitril

theoretionl yickddf Compennd 2¢ 649187 dvyafésenrammnd Bo.utHPIE- %ement))

Desired?m%ggnso%%gﬁgfvégﬂé 8%ﬁc§fx%at’e? 6%“\4/%]141) %b@%tu? ?Q—%g Qgﬁﬁ S{'éeld a clear
oil. TheT H8af Gl 13(21‘1;‘4389/6@ LPRGH A §ﬁ§ﬂa’ﬂ§ 7t0h§3t Rh& P&ﬁ@&dl@tﬁt lution is
Conmpound 26 on a scale t i nvol ved 565 Kg of

concent@bemmmﬂnﬁﬂ imiadno at ghmit £9- 36f° 9 qm%p'(aiﬁh Gegterent 1Skegeawtd 'once

t hi | f h
i e BN S, 3000 7% 8 ot e S g .
[0075] 1O S%@ﬂiéqmﬁwwc%ﬁeﬁ of &u@e 80m ohﬁHEZE ar79 reketigd: 1.0 wt

gl ass reactor equi pped with a nmechanical stirrer were
hercin refoesrtgdlc Conpowd d orpoundA? 620 K2¢ ugdl t5@radyce c0d8EBMpound 26.

99 ound,. 25 from St.e
Crude Gegbghia 05 Tl Sieby i G300 % BB 488y el B RiSho s
isoprop@fthadbthk ] dtc%ta(te?(l899<@,01/5o@ W9 Kanzl1anhyst Ql@fredmmmtmn was
79 Kg, 1.4 wt) were added and stirring wa

loaded énﬁ@ piBisiat: KPRl h0k (v @ K sSicr§ Bavtal ol PrecrapBibasedivith o
| | t
GR35 e
run witlisoprepa e ctigtpasat /87 (e ub 41 AKILTS Avva biltw @24
N T
approx1ﬁﬁfé}‘3§jﬁ u$ (Eﬁ]ﬂ%ﬁ%té}§ 44OwKSLacBwlraMolcia@s F%ﬁﬁ&e&n&eﬁﬁlﬂg >1%

reactor and the tenpéerature was cool ed to about

of the tl@c@ﬁo@ vieldad C@@%O@ml ROt 7ilrg mﬁ@@mp@@ld Aﬁ)ﬁmﬂgls coseliaapions 7 to

31, werg iip itk BRDeeRaf Ot ue e 125 %o A Giel P atfe b gl wes

dissolvedtih heSend 0.9 BRowh W) %@ﬂ%bétﬁtaﬁ%lﬁt%ﬁﬂ%@dﬁ&&t% to dryness
mai nt ai ned between - 1 to OC. The oxi dati on

in vacucardd-# 1onThabemans tmatmdntbyasman&?@ted%w dgah apd (oxiesd 26

r ugnched, at, t he t n

060 k3 0ot PUERE O e B afne P Bimiest Yl 2npray wes
obtained dd dcdivliédc)ear 831146 kg, 0.26 wt, 0 34 eq). Stirring

was continued over ni ght 317 25 h) at about 0-2 0C. The
[0076] Analytical Data for Compound 2 NMR (400 MHz, CDCl3) 6: 7.4-7.57
(m, 2H), 6.06 (t, /= 5 Hz, 2H), 5.84-6.04 (m, 2H), 5.36 (d, /=17 Hz, 2H), 5.25(d, /= 10
Hz, 2H), 5.02 (m, 2H), 4.54 (m, 4H), 4.24 (mm, 2H), 3.96-4.20 (m, 8H), 3.38-3.55 (m, 16H),
2.52(t,J="7Hz 4H), 2.28 (t, /=7 Hz, 4H), 1.68-1.91 (m, 4H), 1.47-1.67 (m, 12H), 1.18-
1.37 (m, 84H), 0.89 (t,J = 7 Hz, 18H). ESI-MS (M+Na)" Theoretical calculation for

CgolH 55 NyNaQoP,: 1682.2; actual result; 1682.3,
[0077] While the present invention has been described with reference to the specific

embodiments thereof, it should be understood by those skilled in the art that various changes

may be made and equivalents may be substituted without departing from the true spirit and
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hept ane | ayer was tested for the presence of peroxides
(EM Quant peroxides test, EM Science, G bbstown, NJ),
WO edouomiery a negative result. The tenperature PEBEUS2008/087435
rai sed to about 20 0OC. Salts were filtered off and
Lnsed with heptane (1.26 2. 25 . _The resultant
scope of RGPl ShiFPenrn i i putigabbe medt o fERhg pifeutar
situation, 3Y:86:15al W&Ip o3t R WE Gher, EQbRock & st@b@Uitepl Stoth@ spirit and
Three layers were formed, and the bottom two | ayers
scope of the peeser! iavrhtiae dhniuch mag)ficatipes ate dntardpddn e avidhemthgesgope of
. ane | ayer was washed twice with
thecbnﬁ%%ﬂ%%??%ﬂsgﬁ( 1.0 Kg, 1 8 wt) and concentrated to
(0078] dr Wikpgenthavbputdicatioraldel aBSrelide Q&ebinddocned by Fferdfice.
(0.79 Kg, <1.4 wt; Purity 91.1% area percent) was
obtained as a thick oil, slightly anber, contai ning
5.6% of residual heptane. HPLC conditions for analysis
of Conpound 26 (HPLC TM3 of Conpound 26): Conpound 26
Purification (Step 5b) [0074] General Procedure for
the purification of Conpound 26: (Note: 1.0 wt herein
refers to the anmount of Conpound 22 used to produce
crude Conpound 26). Crude Conpound 26, e.g., as
obtained fromthe Step 5a (approximately 1.2-1.5 wt)
is dissolved in a mxture of isopropanol and ethyl
acetate (1/99 (vol/vol), 2 wt) and the resultant
solution is | oaded onto a Biotage silica gel colum
(approximately 10 wt of SiO) pre-equilibrated with a
m xture of isopropanol and ethyl acetate (1/99
(vol /vol), approximately 55 w). Separation is
performed using isopropanol/ethyl acetate (3/97
(vol/vol), approximately 80 wt) foll owed
byi sopr opanol / et hyl acetate (10/90 (vol/vol),
approximately 110 w). Preferably, around thirtyfive
fractions of ~4 Wt are collected, including, e.qg.,
fractions containing >1%of the theoretical yield of
Conpound 26 (>0.0127 w of Conpound 26, (HPLC
assessnment)). Desired fractions are conbi ned and
concentrated in vacuo at about 20-30 OCto yield a
clear oil. The clear oil is dissolved in heptane
(approximately 7.0 w) and the resultant solution is
concentrated to dryness in vacuo at about 20-30 OC.
The heptane treatnent is repeated once
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agai n and Conpound 26 (1.0-1.15 wt; Yield: 75-85% is
obtai ned as a colorless clear oil. [0075] Specific
wez@aplbe27 Puri fication of crude Conmpound 26 (Op@BUKD)S/087435

Note: 1.0 wt herein refers to the anpbunt of Conpound
22 (0.56. Kg) used to produce crude Conpound 26. Crude

The claigydly, ﬁ‘fﬂf‘(’?gg‘from Step 5a (0.79 Kg, < 1.4 w) was

1 Ai SaRlovBd of forfull ?:ure of isopropanol and ethyl
acetate (1/99 (vol/vol), 1.18 Kg, 2.1 wt) and the
resul tant solution was |'%aded onto a Bi otage KP-Sil
150L (5.0 Kg of silicgN 3 ) colum
pre-equilibrated with m xture qf isopropanol and
ethyl acetate (1/@@%&&@@%\3&5 Kg, 56.3 wt). The
colum was run with isopropanoldetpyl acetate (3/97
(vol /vol), 43.9 Kg, 78.4 wt) folTowed by
i sopropanol / et hyl acet at e(3§ 10/ 90 vol /vol ), 62.3 Kg,
111.3 wt). Thirty-six fractions of approxinmately 2.3

whereirkg (approximately 4.1 w) each were coll ected.

actions containing >1% of the theoretical _yield of

g%ﬁﬁ&:r%ls syt groppga fys-bfis BheRYS BFIP2EY 2 Cirfr1g HKEPYX 83D
f{z acd Cgﬁ?szailf)g%rg’tilp, a 5[@115 %M&l{‘gﬁguﬁﬁg ag%g%% @Ll{y?&g\grghﬂ; and

vacuo at Cto a clear ©

Bi ssoCyEek dlkylemippnd s(G.s lkégy! gholp,\at o (3r@stabemyl group.
resultant sol ution was concentrated to dryness in
vacuo at 24-30 C. The heptane treatnent was repeated

2. Q%ﬁg@ﬂﬁ(ﬂﬁc@ﬁﬁnm%@qj,@ﬁeré@ 60 kg, 1.07 wt; Purity:
93. 4% (HPLC TM3 of Conpound 26); Yield= 78.8 % was

Bbisad Get ik ggoer | ess clear oil. [0076] Anal yti cal

ta fo . 1H NMR (400 MHz, CDd 3) d:
.‘E-"‘?‘.E”S‘?"‘%?n@%ﬁﬁl‘%é?%e (t, J (: 5 Hz, 2H), 5.)84-6. 04
Rivis 22E)-C 2188 ef6up. = 17 Hz, 2H), 5.25 (d, J = 10 Hz,

2H), 5.02 (m 2H), 4.54 (m 4H), 4.24 (m 2H),
3.9671.20 (m 8H), 3.38-3.55 (m 16H), 2.52 (t, J 7

. - . 1.68.1.91 4H) |
3 ﬁ?@%@%ﬁm‘%%%mﬁ%g@?@?(m 84H), 0. ég](t,H)J 7

Rizis aAGH)IkylESbuiVE ( M+Na) + Theoreti cal cal cul ation for

. Hi 8\?%!4 O 19P2: 1682.2; actual result: 1682.3.
%Wﬁ“ * E"FReBr esent i nvention has been descri bed
#F 1sh cglageeRpt 0 the specific

4, A compound according to claim 3, wherein
R' is an n-heptyl group,
R? is an n-undecy! group, and

R? is an n-undecyl group.

5. A compound according to claim 1, where at least one of R, R? and R is different

from the others.

6. A compound according to claim 1, 2, 3, 4, or 5 having the stereochemistry of formula

(3a):
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enbodi nents thereof, it should be understood by those

skilled in the art that various changes nay be nmade
wanahemseval ents may be substituted w thout deper/Us10g8/087435

fromthe true spirit andscope of the invention. In

addi tion, many nodificatio may be made to adapt a

particul ar situation, terjal, conposition of matter,
process, process step 3, to the spirit and
scope of the present 3nvention. such nodi fications

are intended to Wwé\s‘e pe of the clains
appended hereto. [0078] All b ent Ez and publications

cited above are hereby incorpo by reference. The
clainmed invention is: 1. A conpopnd of formula (3):
wherein: Rtis a C5-C15 6(I3R')I group, a C5-C15 al kenyl
group, or a C -C15 alkynyl group; R2is a C5-(5 al kyl
group, a C-Cl al kenyl group, or a C -C al kynyl group;

o ) et Al ol Byt

according to cl almlov\,hereln is a C5-Cl1l2 al kyl
group, R2 is a Cr7- Co{.group, and R3is a C7r-C 4
al kyl group. 3. A 'é%npound( &o¥idi ng to claim 2,

wherein RL is &%&Z-alkf CHR@.Chias a gl al kyI

group, and R3 is a Cu al kyl roup. A conpound
according to claim3, wherei \”RT ?%108H3n heptyl group,

R2 is an n-undecyl group, andgR3 is an n-undecyl

roup.
g P Compound 22

8. A process for making a compound of formula (3) by a reaction of a compound of

formula (1) with a compound of formula (2) as shown below

NH, o O HNMRS
N

(1 © (2) (3)
wherein:

Rlis a Cs-Cy5 alkyl group, a Cs-Cys alkenyl group, or a Cs-Cys alkynyl group;

R is a Cs-Cys alkyl group, a Cs-C,5 alkenyl group, or a Cs-Cys alkynyl group;

R¥isa Cs5-Cy5 alkyl group, a Cs-C;s alkenyl group, or a Cs-Ci5s alkynyl group; and

X is a leaving group.

9. A process according to claim 8, wherein
R'isa Cs-Cha alkyl group,
R’isa C7-Cy4 alkyl group,
Rlisa C+-Cy4 alkyl group, and

41



5. A compound according to claim1, where at |east one

of RI, Rand Ris different fromthe others. 6. A
w@ommpowsd7 according to claiml1, 2, 3, 4, or 5 bPewUSD08/087435

the stereochem stry of fornmula (3a):7. A conpound

ccor.di to.clai.m6, wherein the caonmpound is conpound
55 Ul S IER s ligich 5imgtas Ao QDN BLPOTHS. BB hIBhHC.

: ' .a conpound of formula (3)
ISObutyﬁiargonra{e%é@% ?gﬁﬁ?fgfgﬁec{éﬁ%g%% of formula (1) with a
conpound of fornmula (2)
C5- C15 al kyl group, a C
al kynyl group; R2 is a group, a C-C
al kenyl group, orga y roup; R3 is a
C5-C15 al kyl growp, a C5-C15 al kenyl group, or a
Cs-C 5 al kynyl group; and is aleaving group 9. A
process according to claim®8, wherein RL is a C5-Cl12
whereiraR kytid @3r ouprm#? (2xaraidentGll4uel toyl thg compoukBofi ferraule?{2)Gis a
al kyl Qup, an is OH d, F, imidazolidyl,
Symme???%@t‘%@ﬂ“‘%@é@ﬁﬁﬁ“‘%t hyl carbonate, methyl carbonate,
i sobutyl carbonate, or a group of the formula Z:

wherein R7 and Rin fornula (2) are identical such
10.  Arocashecooodipptmdaiod 9f whergina (2) is a

R is a C; alkyl group;

bel ow wherein: RL s a
group, or a Cs-Cl15

R’isa Cy alkyl group; and
R’isa C;; alkyl group.

11. A process according to claim 10, wherein
R' is an n-heptyl group;
R? is an n-undecyl group; and

R? is an n-undecyl group.

12. A process according to claim 8, where at least one of R!, R? and R® is different from

the others.

13. A process according to claim 8, further comprising the step of hydrogenating a

compound of formula Y:

in isopropanol to form a compound of formula (1).
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symmetrical beta ketoester anhydride. 10. A process

according to claim9, wherein RL is a C al kyl group;
wR200087%2Cn al kyl group; and R3 is a C 1 al kyl pgr/osmos/087435

11. A process according to claim 10, wherein RL is an

n- heptyl group; R2 is an n-undecyl group; and R3 is an

n-undecyl group. 12. A process according to claimS8,

14. Whehfodhd bethuen@)of R 1, tR 2 and Ris different
fromthe others. 13. A process according to claimS8,
further conprising therstep of hydrogenating a
conpound of formula Y: i® isopropanol to forma
conpound of fornula (1P B4 _Agcompound of formula (4):

R4 O o- NR5R6 HN H NR5F\%RO- p R4

HN
=0
HN\_\
NRORE
o-®
R‘*'O
4)

wherein:

R* is in each occurrence independently a protecting group;

R’ is in each occurrence independently a C;-Cy alkyl group, a C3-Cg alkenyl group or
a C3-Cs alkynyl group; and

R® is in each occurrence independently a C;-Cy alkyl group, a C3-Cg alkenyl group or
a C3-Cg alkynyl group; or R® and R® taken together with the nitrogen to which they are

attached form a 5- or 6-membered heterocyclic ring.

15. A compound according to claim 14, wherein:

R* is in each occurrence independently a C3-Cs alkenyl group, a 2-cyanoethyl group, a
2-(trimethylsilyDethyl group, or a 2,2,2-trichloroethyl group;

R’is in each occurrence independently a C3-Cs alkyl group; and

R®is in each occurrence independently a C3-Cy alkyl group.

16. A compound of formula (4) according to claim 15, wherein:
R* is in each occurrence an allyl group;
R’ is in each occurrence an isopropyl group; and

R® is in each occurrence an isopropyl group.
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(4) wherein: Ris in each occurrence independently a
protecting group; R5 is in each occurrence
wo nabepessdent |y a Cr C al kyl group, a C3-C al kenpdT/gsmog087435

or a C-C alkynyl group; and R6 is in each occurrence
|nde endent | Ca I al ken oup

17, AEoiestEReliifa i cigbl mhliRdR s nasn b pe BNy
MAth the nitrogen to which they e attached forma 5-
or 6-nmenmbered heterocyclic 10 15. A compound
according to cl ai m14, mhbﬁeln R4 is in each
occurrence |ndependeny#y’a Gi-enal kenyl group, a
2-cyanoet hyl group,H8 2-(trimethylsilyl)ethyl group,
or a 2,2,2-trichloroetyl group; RS is in each
occurrence independgnt!ly a C3-C al kyl group; and R6 is
in each occurrence in endeyyi-p ,a C3-C al kyl group.
16. A compound of forml g(#) according to claim 15,
wherein: R4 is in each occuhj ce an allyl group; R5
IS in each occurrence an isopr group; and R6 is in
each occurrence an isopropyl group.17 A conpound
according to clai m 1€omyheuisd 25t he conpound is
conpound 25: Conpound 25 18. A process for making a
conmpound of formula (4) by a condensation reaction
shown bel ow. (4) wherein: Ris in each occurrence

18. Armdegsehthemakyngea peropasydiaddgogrudaft) by a condensation reaction shown

below:

wherein:

R* is in each occurrence independently a protecting group;

R’ is in each occurrence independently a C;-Cg alkyl group, a Ca-Cy alkenyl group or
a C3-Cy alkynyl group; and
R® is in each occurrence independently a C-Cy alkyl group, a C3-Cg alkenyl group or a C3-Cy
alkynyl group; or R’ and R® taken together with the nitrogen to which they are attached form

a 5- or 6-membered heterocyclic ring.
19. A process of claim 18, wherein:

R* is in each occurrence independently a C3-Cs alkenyl group, a 2-cyanoethyl group, a

2-(trimethylsilyl)ethyl group, or a 2,2,2-trichloroethyl group;
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R5 is in each occurrence independently a C -C al kyl
group, a C3-C al kenyl group or a C -C al kynyl group;
wanpahR®dees i N each occurrence i ndependently a PQF/CS2008/087435
al kyl group, a C -C6 al kenyl group or a C3 C al kynyl
Eoup; gr R5 and a together with t nitrogen
Ro %/tﬁieé‘ﬂ‘ ‘i?“r?é*‘;’fe%“reéR‘g‘t agqr@a ‘gt{;t %IQS ngFPv nmber ed
R@ts%egarpt)dcantﬁ&gndép%nd&ﬂ@rmgee§azﬁ§t @b@f; m 18, wherein:
is in each occurrence i ndependent a C3-C5 al kenyl
group, a 2-cyanoet hyl group, a 2- (trrnethylsrlyl)ethyl
tr.ichloroethyl group;R is in each
20. %é%ﬁ&?%ﬂiganoépépégﬂtly a C-Calkyl group; and R6 is
RhisaachcP6RUIERRGR dIRfigRapdently a C -Ce al kyl group.
20. A process of claim18, wherein: Ris in each
Ec@uﬂﬁ@ﬂt@xﬂﬁE@WRWPﬂgK@méBHRW pd i n each occurrence an
RERBRORH o BuRe 10 p Sy, cach occurrence an
sopropyl ~group. cess for preparing a
conpound of forrmula (6) conprising the steps of 1)
reacting a conpound of forpula ( % a conpound of
21 Agresssa qrmreaaeng SrRTROBFhYIIG ﬁ'aulaf( }WS&W{@? stes 8hown
beIo
Wil) r%ézg:tzg% #%gﬁf gg%c]z fog?rﬁrrg 2Ll %’?HEQ:H o%d 5efmLA (4Pb form
acompcbmldmﬂrfhremda(ﬁ) aREhewabdewCt s aI kyI group, a C5- 5
al kenyl group, or a C -Cl al kyp { group R2 is a
-C15 al ky] group] a C5-C15 al kényl group, or a
-C15 al kgnyl group; R3is a %% al kyl group, a
-ClS,&Lgﬁn group, or dgg?%? al ?ﬁyl group.; R4 is
Qcc ’rence |neren y a protecting group

2 §O cunrence iHndependently a G -C al kyl
roup, a C3- j?hgenyl group—o5_pNRﬁ%
3) o b

Ry
. (4)
0 O
-0 o
— ~Y
HN o o 7(
HN>:O AN 0
g IS
0-P-0 0 R
\/\r1
R4/ O\H/R.?
(5) o

; and
i) oxidizing the formed compound of formula (5) to form a compound of formula (6)

as shown below
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a C-C alkynyl group; and R6 is in each occurrence

i ndependently a C -C6 al kyl group, a C3-C al kenyl
w@eaaprwe7 a C3-C al kynyl group; or R5 and R6 tPRENS2008/087435

t oget her vvith the nitrogen to which they are attached

forma 5- @ menbered heterocyclic ring. 22, The

precess of cI im2 1, wherein RL is C5- Cl1 algkyl
R M'@? Cf4 al kyl group; R?%ng a MRS

grou Nis a

/_J%/E ‘@ke{)p/ Rin each occurrence®f the@%ﬁ1
v C -C5 al kenyl greupg,a 2- cyanoet wg/r o@p, O R,

ﬁo(trlmst l's IyI)Te/thyI group,” or 3-o 0O © hid

¥_?}2 2- trMeth?/l group; R5 |$1N|n each q&o@w@r&%eo

dependant Cg; C al kyl group; S|l n_eac

occucsreéh’l ndep ndently a C -C al kylogg dup)\zf\%R1

pridcess of clai n24% wherein Rl is a &7 al kyl groupﬁ\n,

R2|saﬂ aIkyI roup; R3 is a Cu al kyl ggﬁﬂupR4ls

an allyl "group; R5 is an isopropyl group; d R6 is an >

i sopropyl group. 24. The process of claim23, wherein

Rl is an n-heptyl group; R2 is an n-undecyl group; R3

whemm:n- undecyl group; R4 is an allyl group;

R'is a Cs-Cys alkyl group, a Cs-C;s alkenyl group, or a Cs-Cys alkynyl group;

R? isa C5-Cy5 alkyl group, a Cs-Cis alkenyl group, or a Cs-Cys alkynyl group;

R? isa Cs5-Cys alkyl group, a Cs-C;s alkenyl group, or a Cs-C s alkynyl group.;

R* is in each occurrence independently a protecting group;

R’ is in each occurrence independently a C;-Cs alkyl group, a C3-Cg alkenyl group or
a C3-Cq4 alkynyl group; and

R® is in each occurrence independently a C;-Cs alkyl group, a C3-Cg alkenyl group or
a C5-Cg alkynyl group; or R® and R® taken together with the nitrogen to which they are

attached form a 5- or 6-membered heterocyclic ring.

22.  The process of claim 21, wherein
R'isa Cs-Cpa alkyl group;
R*isa C7-Cy4 alkyl group;
R?is a C-Cyy alkyl group;
R* is in each occurrence independently a C3-Cs alkenyl group, a 2-cyanoethyl group, a
2-(trimethylsilylethyl group, or a 2,2,2-trichloroethyl group;
R’ is in each occurrence independently a C3-Cg alkyl group; and

R® is in each occurrence independently a C3-Cg alkyl group.

23. The process of claim 21, wherein
RlisaC, alkyl group;
R%*isaCy alkyl group;
R?is a Cy; alkyl group;
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R5 is an isopropyl group; and R6 is an isopropyl

group. 25. The process of claim 21, where at |east one
wobkwRh796R2 and R is different fromthe others P6r/UIives/ 087435

process of claim 21, wherein the formation of the

@pou of formula (5) conprises the steps of: i)
gt?n;?arlﬁqg'}gf?élpconpound of formula (3) and the conpound

of if arigsddplbrodRaed her in a co-solvent mxture of
heptane and acetonitrile until all solids are

Bi’ s sedopyligrout. owl y addi ng between 1.0 and 2.0

equi val ents of acetic acid while maintaining the
tenperature between 20 and 250C, and iii) stirring the

24.  ThepidebRPpfaiaxhewhsleid the reaction is conplete. 27.
The process of claim 26, wherein the weight of heptane
Bs &scin whepdylew:4 and 6 tines the wei ght of the

0 1 la (3) used. 28. The process of claim
Bomnt Bl S0

erern i ght of acetonitrile used is between
R’ &neh Rutdavpbgrohg wei ght of the conpound of fornul a

&ﬁ) usaﬁld 29. The process of any of clains 21-28,
v # BOUBxi dation of the formed compound (5) to

ROt iBEH6 s agd formula (6) conprises the steps
of 1) adding heptane to the reaction mxture

Bgiﬁtfm'iﬂd)mgpﬂmomr med conpound of fornmula (5);ii)
cooling the resulting mxture to -50C to 10C, iii)
slowy adding 30% (m/w) HOin water at such a rate

25.  Theprdchs dfemmparat whereah |dabodcF®'| Rhadd K lrdffb@nt from the
mai nt ai ned between -5C and 10Q0C;, and iv) stirring the

others. resul ting mxture at a tenperature between -50C and
1A0C until the reaction is conplete.

26.  The process of claim 21, wherein the formation of the compound of formula (5)
comprises the steps of:

1) stirring the compound of formula (3) and the compound of formula (4) together in a
co-solvent mixture of heptane and acetonitrile until all solids are dissolved;

ii) slowly adding between 1.0 and 2.0 equivalents of acetic acid while maintaining the
temperature between 20 and 25°C; and

iii) stirring the resulting mixture until the reaction is complete.

27.  The process of claim 26, wherein the weight of heptane used is between 4 and 6 times

the weight of the compound of formula (3) used.

28.  The process of claim 26, wherein the weight of acetonitrile used is between 1 and 2

times the weight of the compound of formula (3} used.

29, The process of any of claims 21-28, wherein the oxidation of the formed compound
(5) to form the compound of formula (6) comprises the steps of

i) adding heptane to the reaction mixture containing the formed compound of formula

(5)
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30. The process of claim?29, wherein the m xture of

step ii) is cooled to between 0 and 50C, the m xture
woboosheg27ii) i s maintai ned between 0 and 20C, pemudsS1oh®087435

m xture of step iv) is maintained between - 1 and 20C.

31. stal li,ne conmpound 3 Crystal l'i ne conpound
)Zcoé’g@érﬂ&fi W@ulflagmlgtl‘gfﬁtﬁlfsc%rz@r]tzﬂngr characterized by an
?if)rﬁé/\&%l)éféﬂ § EW)'}%@)ZQQ%%% Hﬁlﬂ'ar%gteRﬁzﬁKﬁe t%hlp]e?at@e of

the reac@oR nzgurtaﬁdn«‘:a@ta&edQe@veEQ 5 gBandOrﬂygt aidl i ne conpound 22
cor di |l aim32, further characteri,
8 5B enle vl s e b et SR OGS S ol C BT e
reactionCi9 ¥p@RRE:. 25 35. Crystalline conpound 25 according to
claim 34, further characterized by a x-ray povvder
30.  Hhe progessiodslami2@evhersivi ng peaks at 6.6 0.3 2Q 14.0

3 b . 36.
e Bt b tofR Bt Bl S i o 35, furt ner
tlaaniaaire of ategliihys Maintaigedbar@béd MgnPPiMtandf about 65

0C.
the mixture of step iv) is maintained between -1 and 2°C.

31. Crystalline compound 22
O O
HNM(CHZ)WCHS
OY(CHZ)H}CHS
O 22.
32. Crystalline compound 22 according to claim 31, further characterized by an x-ray
powder diffraction pattern having peaks at 12.3 £ 0.2 °28, 14.5 £ 0.2 °20, 16.2 £ 0.2 20,

17.84+0.2°20,22.2 £ 0.2 °20, and 23.8 + 0.2 “20.

33. Crystalline compound 22 according to claim 32, further characterized by having a

melting point of about 41 °C.
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34. Crystalline compound 25

—~ N(-Pr),
HN
=0
HN
M N(i-Pr),
O-R

35.  Crystalline compound 25 according to claim 34, further characterized by a x-ray
powder diffraction pattern having peaks at 6.6 = 0.3 °20, 14.0 = 0.3 °20, 17.3 £ 0.3 °20, and
19.4 £ 0.3 °20.

36. Crystalline compound 25 according to claim 35, further characterized by having a

melting point of about 65 °C.
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